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PREFACE. 


Mt  essay  npon  Ameiropic  en  hare  gcoolgen  Ametropia  and  its 
Besiilis'')^  pnblisbed  in  I860,  was  onnfiDed  to  the  anomalies  of 
ictoetkiiii  and  treated  of  these  ezdiiaiTdj  from  the  dioptric  point  of 

•  

In  the  pre&o^  howera,  I  annouBced  my  intention  of  producing, 
aabaeqoentiy  to  the  appearance  of  that  essaj,  a  complete  system  of 
tlie  acnomafies  of  refraction  and  accommodation :  the  anomalies  of 
refractioD,  including  the  subject  of  astigmatism,  were  to  be  treated  of 
abo  from  an  anatomical  and  practical  point  of  view^  and  the  anoma- 
lies (yf  aooommodation  were  to  be  de?eioped  both  in  their  opposition 
to,  and  their  connexion  with,  the  anomalies  of  refraction. 

"W  hen,  later,  I  was  honoured  with  a  request,  on  the  part  of  the 
Kew  Sydenham  Society,  to  prepare  my  essay  for  an  English  edition, 
I  fdt  bonnd  to  endeavour  to  complete  my  work  on  the  plan  alluded 
to.    This  I  have  done  to  the  best  of  my  ability.    The  experience 
of  many  jears^  the  examinatiou  of  many  thousands  of  eyes,  in  which 
I  have  been  zealously  assisted  by  several  of  my  pupils,  have  been 
made  available.   I  believe  that  my  wofk  has  gained  by  its  enlarge^ 
ment.    I  cannot,  however,  fail  to  rpc^ret  that  its  bulk  has  increased 
beyond  my  expectation,  and  I  feel  bound  to  apologise  to  the  Goun- 
cQ  both  for  the  delay  in  its  appeaianoe,  and  for  the  inconsiderate 
manner  in  whieh  I  have  used  the  liberty  allowed  me  for  its  exten- 
sion.   May  the  intrinsic  value  of  the  additions  made  plead  suc- 
cessfuiiy  in  my  behalf. 

One  object  1  have  kepi  oonsfcantly  in  view,— 4o  make  tiie  book, 
notwithstanding  its  great  siie,  naefol  and,  in  all  its  parts,  easfly 
accessible  to  the  practical  physician.  To  this  end,  in  the  first 
place,  each  subject  is  fully  treated  of  in  the  body  of  the  text; 
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oonseqneiillj,  only  those  vho  wish  to  peaetrate  more  deqily  into  the 
gnbject^  need  attend  to  the  details  of  the  inrestigation,  to  the  matbe- 

matical  demonstration,  and  to  tlie  history,  added  as  an  appendix,  in 
smaller  type.  And,  in  the  second  place,  to  facilitate  reference  to 
the  sevenl  parts,  each  chapter  is  so  drawn  up,  that  the  reader's 
knowledge  of  what  has  gone  hefore,  is  not  taken  for  granted.  rHie 
work  forms,  in  a  certain  sense,  a  series  of  lesser  monographs,  united 
in  a  single  volume;,  which  is  the  emblem  of  their  mutual  connexioiL. 

For  the  oculist  it  is  perliaps  an  additional  advantage  that  I  am 
no  mathematician,  I  freely  admit  that  1  am  not  competent  to  follow 
the  investigations  of  Gauss  and  of  Bcssel  in  this  department,  and 
even  the  study  of  the  physiological  dioptrics  of  Helmholts  required 
an  effort  on  my  part.   I  hav^  therefore,  sought  a  way  of  my  own, 
and,  as  I  believe,  I  have  found  it.   The  whole  theory  of  the  cardinal 
points  of  compound  dioptric  systems,  as  it  is  here  put  forward,  is 
quite  explicit  and  elementaiy,  depending  ahnost  exclusively  upon  the 
mutual  comparison  of  similar  tiiangles.  If  the  road  has  thus  become 
somewhat  longer,  it  prc^ients  this  advantage,  that  it  lies  open  to  all. 
To  guard  against  the  possibihty  of  its  leading  on  any  point  to  error^ 
I  have  requested  my  friend  Hoekj  our  Professor  of  Astronomy^  to 
look  over  it,  and  to  his  kindness  I  am  indebted  for  many  improve- 
ments in  the  form  of  the  demonstration. 

In  the  doctrine  of  the  anomalies  of  refindaon  and  aooonmiodation^ 
the  connexion  between  scienoe  and  practice  is  more  closely  drawn 

together  than  in  any  part  of  medicine. 

Science  here  celebrates  her  triumph;  for  it  is  at  her  hand  that 
this  branch  has  acquired  the  exact  character,  which  makes  it  also 

worthy  of  the  attention  of  natural  philosophers  and  physiologists. 
It  is,  indeed,  satisfactory  to  see,  how  in  the  accurate  distinction 
between  anomalies  of  refinctbn  and  accommodation,  with  exclusion 
of  eveiy  condition  foreign  to  these  anmnalies,  the  system  assumed, 

as  if  spontaneously,  an  clegjint  siin])licity,  and  how  the  cause  and 
mode  of  origin  of  many  an  obscure  type  of  disease  emerged  into  the 
clearest  hght 
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Practice,  in  connexion  with  science,  here  enjoys  the  rare,  but 
splendid  satisfaction,  of  not  only  being  able  to  give  infallible  pre- 
eepto  bued  upon  fixed  mles^  bat  also  of  being  gnided  by  a  dear 
insist  into  fhe  principles  of  her  actions — adyantages  tbe  more 
bighly  to  be  estimated  as  the  iinoinalics  in  question  are  of  more 
frequent  occurrence;,  and  as  they  more  deeply  affect  the  use  and 
ftmcftkms  of  the  ejes. 

Is  it  then  strange  that  the  study  and  treatment  of  my  subject 
Lave  been  to  me  a  labour  of  love  ?  the  more  so,  as  I  felt  proud  in 
having  been  called  upon  to  elaborate  it  for  a  country  in  which 
JooDg,  WelL^  Ware»  Brewster^  and  Aiij  have  pomted  ont  to  as 
the  track  which  we  had  only  to  follow^  and  happy  in  being  able 
to  offer  my  work  in  this  form  to  my  highly  esteemed  friends 
and  colleagoes^  whose  proofiB  of  kindness  and  affection  have  left 
with  me  the  meet  agreeable  recollection  of  my  visits  to  Enj^d. 

Among  the  privileges,  which  my  task  has  procur(;d  me,  dear  friend 
Hoore,  is  the  agieeable  rdation  into  which  it  has  brought  me  with 
yoa.  If  I  have  admired  yoar  talent>  and  highly  appreciated  yoar 
imwearied  care,  I  have,  above  all,  to  thank  you  heartily  for  the 
interest  and  the  love,  with  which  the  difficult  task  of  the  translation 
of  mj  work  has  been  accomplished  by  yoa.  I  fed  that  we  have 
become  friends,  and  friends  we  shall  contbme.  Yoa  will,  I  am 
oertainj  gladly  join  me  in  thanking  the  Rev.  Professor  llaugliton, 
for  the  solntion  of  many  doubtful  points,  and  for  his  kind  revision  oi 
certain  portioiiB  of  the  work. 

F.  C.  BONDERS. 

UraKHT,  27<A  Ftbnuay,  1864. 
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The  author  having  mentioned  in  his  preface  the  circumstances 
which  have  led  to  the  appearance  of  the  preaent  volume^  it  now 
lemauia  onlj  to  atate,  in  addition^  that  wery  page  of  the  hook  has 
ieoei?ed  his  caiefiil  correction  and  rmaion.  I  dioold  wish  also  to 
obserre^  that  the  chapter  on  Astigmatism  is  not  a  mere  translation 
of  his  essay  on  that  subject,  published  in  the  year  1862,  but  that  it 
has  received  so  many  amendments  and  atlditious,  as  tu  represent  a 
second  edition  of  the  work  in  question,  brought  down  to  the  present 
day,  and  enriched  witli  the  results  of  the  latest  researches  bearing 
upon  that  remarkable  phenomenon. 

While  I  have  to  congratulate  myself,  that  the  free  and  unre- 
stricted correspondence  with  Professor  Donders,  which  it  has  been 
my  privilege  to  enjoy  during  the  transktion  of  his  work,  his 
courtesy  and  readiness  to  solve  the  difficulties  arisbg  from  the  com- 
plicated nature  of  the  subject-matter  of  the  book,  and  his  accurate 
knowledge  of  the  English  language,  have  enabled  me  to  avoid  any 
serious  misconceptions  of  his  meaning;  I  am  only  too  painfully 
conscious  of  many  defecta  in  the  manner  of  the  translation,  some  of 
which  my  present  experience  would  have  enabled  me  to  avoid. 
These,  as  the  wiser  course,  I  would  here  have  passed  over  in 
silence,  were  it  not  that  I  think  it  absdutely  necessary  to  explain  i 
one  or  two  points  connected  with  some  of  them. 

For  example,  when  I  first  met  with  the  words  geMtwvlak  and 
gezi^U^enuicvlakf  I  translated  them  too  literally  (pp.  354  et  seq.)  by 
the  terms  "nerve-surface,"  "surface  of  the  optic  nerve,"  "plane  of 
the  optic  nerve,"  instead  of  by  the  shorter  phrase  "  optic  disc,"  hy 
which  this  part  is  now  designated  by  several  modern  ophthalmolo- 
gical  writers^  and  which  I  have  in  the  later  sheets  of  the  volume 
exclusively  employed. 

In  like  manner  I  hare  to  apologise  for  having  followed  the  Dutch 
orthography  of  the  term  ^'kyklitis''  (p.  870),  instead  of  that  of 
English,  French,  and  German  writers,  in  accoidance  with  which  the 
word  should  have  been  written  cyditis/' 
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Bat  I  mny,  in  reference  to  this  point,  mention,  that  tlie 
word  in  question  is  not  to  be  found  in  any  Afrdical  Dictionary 
(Majne,  Danglison,  Palmer,  &c.)  which  I  have  bad  an  opportunitj 
of  oonsohii^.  For  this  reason,  I  sometime  since  requested  Professor 
Bondets  to  snj^ily  me  with  a  footnote,  giving  ilie  meaning  and 
doiratkm  of  the  term.  Bot  as  tiie  note  did  not  reach  me  in  time 
for  insertion  In  its  jiTo\yeT  place,  I  ventore  to  introduce  it  here, 
giving  a  reference  in  the  index,  by  which  it  may  at  once  be 
found. 

*'  Kvklitis,  the  cyclitis  of  English  and  Gennan  ophthalmological 
vriters,  the  cjfclUe  of  the  French,  is  a  term  recently  introduced  to 
signify  inflammation  of  the  ciliary  muscle  (or  ligunent)  and  the 
aeighboitring  parts  of  the  sclerotic,  and  ciliaiy  processes.  It  is 
doived  finmi  the  Greek  word  le^oc^  tlie  circle  or  orbieolns  dUaris." 

Having  mentianed  these,  as  it  seems  to  me,  neoessaiy  matters,  I 
shaQ  not  dwidl  longer  upon  my  own  deficiencies,  nor  find  fanlt  with 
the  kindness  of  the  author,  which  has  led  liim  to  take  a  far  too 
favourable  view  of  the  manner  in  wliich  1  have  discharged  the 
humble  part  assigned  to  me  in  the  production  of  the  English  (and  in 
point  of  priority  of  publication,  original)  version  of  his  important 
VQ^;  I  shall  content  myself  with  thanking  him  heartily  for  his 
eomtesy  and  readiness  on  all  occasions  to  solve  eveiy  difficolty 
nbontted  to  him,  and  for  the  care  with  which  he  has  revised  at 
least  two  proofs  of  every  sheet  of  tke  trandation.  Nor  can  I 
sufficiently  express  my  thanks  to  the  Bev.  Samuel  Haugliton,  M.D., 
F.R.S,,  Fellow  of  Trinity  College,  and  Professor  of  Geology  in  the 
Uuivtr;^ity  of  Dublin,  for  the  trouble  he  has  taken  in  correcting  for 
the  press  the  mathematical  portions  of  the  work.  Professor 
Haoghton  has  also  been  good  enough  to  furnish  me  with  a  few 
footnotes,  to  which  he  has,  at  my  request,  attached  his  initiab.  To 
Mr.  Bowman,  F.iLS.,  I  am  deeply  indebted  for  many  valuable 
suggestions,  and  for  much  important  help,  freely  and  kindly  ofibred, 
tnd  most  willingly  afforded. 


7,  South  Ankk  Strf.kt,  Dublin, 
March  Ath,  1864. 
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SIGNS  AND  ABBBEVIATIONS  USED  IN  THIS  WOM.. 


p»ndiiu. 

fPt  mdiiis  of  the  oomaA  i&  the  Tiiiud  line. 
.  Hi  ooefflflieBt  of  refreetioiii* 
ib,  nodal  point. 

h,  prinoipal  point. 

k'  and  k'^  anterior  and  poiterior  nodal  points  of  the  Hune  fjitem. 

h'  and  h",      ,1  „        prinoipal         „  „ 

^'  and  „  „         focal  „  „ 

k^  and  k^  two  nodal  points  of  two  different  ajstema. 

A,  and  yt  principal  „  „ 
^,  and  0„  „  focal  „  „ 
o,  optical  centre. 

¥'  and.  F'',  anterior  and  posterior  prinoipal  fooal  distances. 

0'  end  G'y  the  piinoipel  fooal  dfataneee  enlenlnteif  from  If  and  if, 

F,  prinoipal  fooal  diatanoe  where  F  end     are  eqnaL 

Of  the  same,  oaleakted  from  A»  where  CK  and     are  eqnal. 

f  and/*,  oo^jngato  fiBoal  distaneeo  oalenlated  from  k  and  V, 

^tokdsT,  M  „  99  it^aad*", 

B,  an  object ;     its  image. 

i,  a  point  in  the  axis ;  J,  its  image. 

t^,  a  point  ontside  the  axis ;     its  image. 
P,  (proximom)  absolute  neaxeet  point  of  diatinot  Tiaion. 
Pi*  (      n       )  relative  „  «  '»» 

p^y  (      „       )  binocular       „  „  „ 

Tf  (remotissimum)  absolute  farthest  point  of  distinct  vision. 
•    ♦•p  relative         „  „  „ 

r,,  -  binooulur        „  „ 

P,,     and  Pb,  diilnneee  from  p,y     and  p^  to  A'. 

B,  E„  and  R»,         „         r„  r,,  and  r,  „ 

FP*,  endB'B',      „  and  from  r  to  nleaa  or  another  given  pdnt. 

1 :  A,  ahoolate  range  of  Moommodatioii. 

1 :  A„  relative  „ 

1 :  A«  hinoonlar    „  „ 

0,  the  eye ;  D  or  fi»  right;  S  or  L,  left. 

C,  the  cornea. 

L,  crystalline  lena. 

1,  a  lens. 

N,  the  retina. 

y,  the  vitreous  humour. 
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SIGNS  AND  ABBREVIATIONS.  xvU 

]>,tiMlU«kiiMi«fale]is. 

<V  distenoe  of  ft  Im  flmm  ft  point 

a,  angle  betireen  Tisntl  Une  ud  ftxii  of  the  ooraeft. 

8»  AootniMi  of  Tiaion. 

£,  Emmetvopia. 

H,  Hypermetropia. 

Hm,  manifest  H. 

HI,  latent  H. 

Ht,  total  H. 

M,  Myopia. 

Pr,  Presbyopia. 

As,  Astigmatism. 

Ah,  Hypermetropic  astigmatism. 

Am,  Mjopio  ^ 

Auk  and  Ahm,  mixed  m 

b  x»  in  tbe  hotiaontal  prindpal  «ff»il<iifi. 

In  T,  in  tfie  vertioal        „  „ 

Mo,  ptinoq^  meridian  of  wiftTfaimn  of  onmtore  of  Uie  eye* 

»  n  n  99  99  eornea. 

tt  „  M  „  crystalline  lene. 

Am  Airtagmatiim  of  the  whole  oje. 

99  99  eornea. 

A«i,  eryatalUne  lenilr 

<,  less  than. 
>,  greaU^T  than, 
•/o,  per  cent. 

'  (after  a  numeral)  foot  or  feet,  as  2',  2  feet. 

'  (   >»         »»     )  iJioli  or  inches,  as  2',  2  inches. 

^(  »        *•     )Uiiior]inM,as2'',  2  1ine8. 
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EBBATA. 


Pige  23,  line  17  from  above — For  "  Horeo?er,"  read  "  We  admit  tiiat.*' 
^     40,  „     6  from  below— ZteZc  "to." 
n    67.  „     7  from  below-^xie^Vf^a'"  14-898." 


ft 
f» 
ft 
» 

»♦ 
ft 

M      *  « »» 
M 
>» 
It 


ft 
It 
t» 
W 
»f 
ft 
t> 


75,  „  21lkwboif  Thowdi,  *'ttafl«wBiaMi,"  Ae.,  and  the 
fidlowiBg  IniMy  22  to  82,  an  inooffeet^  and  may  be 
flattralj  oButtod* 
75»  „    4liaa1)doir--lbr««f'Vsf''AVr»«f<*f'Arsf ifc'. 

n      n    n     4  from  below— For  "     A',"  K" 
^      „     3,  4,  and  5— For  "  y,"  read  «*  y." 

81,  line  17  from  below — For  "  measure,"  read  "  mean«" 
83,  ^    15  frt)m  aboTe— For  "adjoining,"  read  "  nearer." 
91,  „     7  to  15  from  below,  "  :  18  **  abould  throoghoiit  be  *<  12." 
143— For  "  §  12,"  read  "  §  13." 
169— Far  "  >'ot€  to  §  12,"  read  "  Note  to  §  13." 
170,  line  10  from  above— For  ''should,*'  read  "  would.** 
173,  „    13  from  aboT^For  ^oam"  r«ml  **  oannoi." 
173,  „  ISfromabm— lbr«<aiid,"iiMHl*<lMit' 
173,  „  l«froaaa]wfa— .Fbr<'f  19i"fWHr<'f  14.' 
174^  „  8fronlMlow--JFbr<<tazalaon,"rB0d«*4atefiiii^^ 

178,  „  18  Ikom  below— -Fbr   f,- fW  C." 
„    178,  „  19fix)mbelow— /"or"  C;"f^"  f.^- 
204— For  "  )  16,"  read  "  §  17." 
212,  line  4  from  below — After  "  care,"  read  "not" 
256,  „   20  from  below — For  "  another,**  read  "  excessive." 
273,  „     5  fr^m  below — Xew  line  should  not  begin  until  after  "free,** 
358,  „     3  from  below— For  "  Artl,"  read  "  Arlt." 
389,   ,)     3  frx>m  above — '*  Among"  should  begin  a  new  line. 
396,  M     7  from  below — For  "  limitations,"  read  *'  interruptions." 
398,  „  14  froHi  below— For  -  lifni'totiwii,"  r^d  '<  limitatittBa  and 


n 


4M,  n  18  frwa  abona^ Jbr  "  diipwpQftieiiate,"  r^d  "  imgalar.** 
A33,  „    8  frooi  beloir— IL  Ao^urcd  lagnlar  afltigmalina"  ahoold 
be  in  italics,  to  oornapoiid  to  "  1.  CoD^anital  astigma* 

p.  m. 


Digitized  by  Gopgle 


GENERAL  PA£T. 


INTEODUCTION. 


5  1. — On  the  CX)KDIT10N8  op    ACCUaiLTE  VISION. — FUNOTION  OF 

THE  ilETINA. 

In  order  to  see  an  object  distinctly  and  accurately,  two  coiulitions 
must  be  fulfilled.  In  the  first  place,  an  inverted,  but  well -defined, 
image  of  the  object  must  be  formed  on  the  surface  of  the  membrana 
Jacobi  or  Ujer  of  nods  and  bulbs  of  the  retiiia.^  In  the  second  placcj 
Ike  local  ohaogB  here  makd  vomi  be  ooaTeyed  to  the  fibrea  of  the 
optie  nerrcy  oonmnnnGated  to  the  bram,  and  again,  in  an  inTerted 
direction,  projected  ontwarda. 

Thiongh  this  double  inversion  the  projected  image  corresponds  to 
the  object,  and  we  therefore  say  that  we  sec  the  object,  altliougli, 
properly  speaking,  only  the  projected  retinal  image  stands,  as  it  were, 
before  our  eyes. 

Eveiy  distoibanoe  of  vision  depends  on  a  disturbance  in  one  of 
these  two  conditions,  or  in  both  together.  If  the  projection  ont- 
vards  be  diatnrbedy  bj  anomaliea  in  the  retina,  in  the  optic  nerve^ 
or  in  the  bndn,  the  aflbction  behmga  to  tiie  domain  <tf  amblyopia  or 
amanmia.  If  no  image  be  formed,  or  if  the  image  be  donded 
through  diAudon  of  light  in  the  eye,  obscurities  in  the  way  of  the 
radiation  of  liglit  through  the  organ  arc  tlie  foundation  of  the  mis- 
chief. Lastly,  if  the  image  of  objects  placed  at  the  ordinary  distances 
of  distinct  vision,  be  not  formed  on  the  layer  of  rods  and  bulbs,  or 
eren  if,  through  abnormity  in  the  curving  of  the  surfaces,  no  defined 
image  is  on  the  whole  produced,  anomalies  of  refraction  or  of 
aoeommodation  are  developed. 

The  kaiona  of  vision,  for  each  eye  aepaiatdy,  may  therefore  all 
be  referred  to  ikree  principal  classes :  amblyopia^  obecnrities,  ano- 
anlica  of  refraction  and  of  accommodation.  If  the  power  of  vision  of 

*  Sco  note  to  )  1. 
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CONDITIONS  OF  ACCURATE  VISION. 


an  eye  be  impaired,  one  of  these  three  species  of  disturbance  must 
necessarilv  exist. 

A  f^lancc  witli  tlic  oplitlialmoscope  into  such  an  eye  will  show 
whether  obscurity  of  the  light-refractuag  media  be  present  or  not. 
If  such  be  not  found,  we  may  infer  the  exifltence  of  either  amblyopia 
or  of  disturbance  of  xefimction  or  of  aooommodation.  If  now,  even 
with  the  aid  of  oonrex  glasses,  perfectly-defined  vision  can  at  no  dis- 
tance be  obtained,  the  case  is  one  of  amblyopia.  If,  on  the  con- 
trary, the  power  of  vinon  be,  at  one  distance  or  other,  aocorately 
defined  ;  or  if,  at  least,  by  the  employment  of  a  convex  glass,  a  per- 
fect definition  be  attainable,  we  have  to  deal  with  an  anomaly  of 
refraction  or  accommodation,  opacity  and  amblyopia  are  excluded. 

The  difference  between  lesions  of  refraction  and  of  accommodation 
is  deducible  from  the  words  themsclvesi.  The  lesions  of  refraction 
are  to  be  sought  in  the  structure  of  the  eye,  in  the  condition  of  rest, 
without  attendant  action  of  accommodation.  The  disturbances  of 
accommodation,  on  the  other  hand,  have  their  foundation  in  abnormal 
action  of  the  internal  muscular  system  of  4lie  eye.  Hiia  wiU  be  more 
fully  explained  in  Chapter  II. 


NOTE  ON  §  1. 

At  the  teniiiiiatio&  of  the  nervei  of  Mnse^  eapeoially  of  the  optic  ana 
aooDstio  nerves,  perij^eiio  apparatos  are  fonnd,  whioh  are  of  great  import- 
anoe  in  the  veoeptlon  of  the  stimaliii.  Ihist  anatomy  has  taught  as.  Ana^ 

tomy  has  shown  that  the  retina  is  not  a  aimple  exponiloii  of  the  optic  nerve, 
bat  that  behind  the  fibres  of  the  latter  several  layers  are  developed.  To 
investigate  the  signification  of  these  is  the  task  of  the  physiologist. 

In  order  to  see  and  to  distinguish  these  layers,  it  is  merely  necessary  to 
macerate  in  a  watery  fluid,  thin  seotions  of  the  fresh,  but  slightly  dried, 
oonneoted  membranes  of  the  eye. 

To  study  them  accurately,  tlie  methods  proposed  by  H.  Mueller  are  made 
use  of.  Keckoniug  from  without,  we  find  the  following  layers  (Fig.  1., 
taken  from  the  drawing  by  Mueller  and  KoUiker,  in  Ecker's  Icones). 

I.  The  layer  of  roda,  or  ataffliko  bodies,  and  balba. 

II.  The  aztevoal  granular  layer. 

III.  The  middlo  gfaamlar  layer. 
lY.  The  internal  granular  layer. 

V.  The  finely  granular  layer. 
VI.  The  layer  of  nerve-cells. 
YII.  The  layer  of  the  optio-fibres. 

Iheee  layers  are  thiokest  oloee  to  the  optio  nerve,  where  the  figure  is 


Digitized  by  Google 
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The  nerve-oells  YI.  here 


uken,  and  all  hccome  attenuated  towards  the  ora  serrata,  particukrly  Yll. 
which  here  t«rmiuutc's. 
Ib  the  yellow  spot  the  etrnoture  b  peculiar, 
a  Tny  tiiiek  layer,  not  eofwed  by  a  layer 
•f  opCio  Hbnip  hat  m&nHj  inter  woren  with 
a  flMll  inmibw  of  thew  Ahrw ;  the  kyen 
lY.,  ni.,  and  IL  ere  in  thie  eitiiatioii  per- 
tieola^  thin,  and  layer  L  poaeesses  no  staff-like 
bodiB%errod%  boteonsists  exclusively  of  bulbe. 
In  proportion  as  we  withdraw  fnm  the  yellow 
i^t  the  seyeral  bulbs  become  enrronnded  by 
■ore  and  more  numerous  rods. 

The  central  portion  of  the  yellow  sjxjt,  the 
fovea  centralis,  the  most  important  part  of  the 
retina,  is  now  particularly  to  be  distinf^^uislied  : 
the  expansion  in  this  situatiim  becomes  exceed- 
ingly thin ;  layer  I.,  consisting  exclusively  of 
date  hulbe,  ie  here  eovered  only  by  aoeroely 
perceptible  treeee  of  the  other  layen. 

The  dementi  of  the  aofend  layere  ere  united 
aed  enfdeped  by  a  pteper  eoniiieotlfe  tiMoe, 
wherein,  after  the  action  of  ohromio  aoid,  hondlea 
if  radiating  fibres  (2)  are  separately  distin- 
gnished ;  these  extend  ftom  (1)  the  boondariee 
between  I.  and  II.  to  an  innermost  investing 
Tttreous  membrane  (membrana  limitans  (4), 
into  which  they  are  divergingly  (3)  inserted 
(radiating  fibres  of  Mueller).    Omittin;:,'  the 

wnnective  tissue,  we  may  in  a  physiological  point  of  view  provisionally 
reduce  the  layers  of  the  retina  to  three  : — 1.  the  tibrous  layer,  belonging  to 
Ibe  optic  nerve  ;  2.  the  layer  of  rods  and  bulbs,  the  perceptive  layer ;  3.  the 
litiiiuniiii^  layers,  effecting  the  eonnezion  between  the  two  flret-nemed. 

1.  The  fibrooB  layer,  distinguished  ehore  ee  Tll It  ie  the  immediate 
ftinnatien  of  the  eptto  nerve,  whoee  flbree,  ofen  belora  they  hafie  entered 
the  eye,  loee  tiie  mednllary  iheeth,  and  in  their  meoibranons  expension,  as 
the  tnnennoet  layer  of  tiie  retine,-  eontinue  quite  unchanged.  The  fibres  of 
the  optic  nerve  tiiemaelves  are  ineeneible  to  the  stimulus  of  the  vibrations  of 
light  Its  entrance  into  the  eye  may  he  demonstrated  as  the  blind  spot 
of  Mariotte  ;  and  if  we  allow  the  little  image  of  a  distant  ilame  to  move  to  and 
fro  on  the  papilla  nervi  optici,  it  is,  as  we  can  observe  in  ourselves,  and  in 
others  with  the  ophthalmoscope,  imperceptible ;  it  is  not  until  the  little 
image  passes  the  boundary  of  the  papilla,  where  the  other  layers  of  the 
retina  are  also  present,  that  the  feeble  glimiiierinf;  of  light  through  the 
whole  eye  gives  way  to  a  completely  circumscribed  image. 

As  the  membranous  expansion  is  precisely  similar  to  the  fibree  of  the 
papilla,  we  eennot  ezpeet  to  find  in  that  expansion  more  sensibility 
t»  the  Tibntione  of  light  then  easts  in  the  nerve  iteelt  And  if 
«•  eeoeidery  that  eveiywhere  meny  layen  of  theee  tren^eient  flbree 
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lie  OTer  one  taoUier,  and  that  the  same  fibre  rans  from  the  ora  aomtft 
to  the  papilla  of  the  optio  iiem»  it  ia  eridant  that  rays,  darivad  frtwi 
tba  Mma  point  ol  an  object  pass,  and  noooMarily  Irritate  Ae  fibraa  of 
diflbrent  layers,  and  tliat  the  wae  fibia  ia  atniek  by  rays  doived  firam 
diffarent  poLita  of  an  oljeet  Tlienfiite^  if  the  ilbces  ware  aeoattlTe  to  tiie 
oeeiUatuma  of  light,  the  loealiied  projeotkn  fton  the  letina,  or  tIbmi,  aa 
aotually  takes  place,  would  be  excluded.* 

2.  The  layer  of  roda  and  bulbs,  whioh  is  at  least  pretty  generally  con- 
sidered as^the  perceptive  layer : — The  supposition  is,  that  the  bulbs  and  rods, 
while  they  are  traversed  by  the  undulations  of  light,  undergo  a  molecular 
change,  and  that  this  change,  whatever  it  may  be,  excites  a  secondary  modi- 
ficatiun  in  the  iibre»,  whioh  were  incapable  oi  directly  experiencing  the 
stimulus  of  the  light  itself. 

3.  The  intervening  layers  II.,  III.,  IV.,  V., and  VI.,  rurmed  of  fibres, nuclear 
bodies  and  nerve-cells,  whose  mutual  connection  is  not  yet  oompletely  ascer- 
tained :<-It  appears  that  roda  and  hnlba  are  eonneoted  with  the  granalea, 
axe  oouHnned,  as  thin  nerre-filaments,  into  the  intenrening  granular  and 
finely-gnuralar  layers,  enter  into  eoanezion  with  the  nerre-cdla,  whieh  are 
also  mutually  eonneoted,  and  are  finally  united  with  the  proper  nerre-fibres. 
The  meaning  of  tbeae  soTeral  layeia  is  as  yet  quite  obsonra.  For  the  pveoent 
we  can  only  say,  that  they  represent  the  oonnazion  between  the  pero^tiTe 
layer  of  bulbs  and  rods,  and  the  fibrous  layer. 

The  reasons  why  the  layer  of  rods  and  bulbs  is  considered  to  be  the  im- 
mediately perceptive  lamina,  have  been  designedly  passed  over  in  silence 
under  2,  in  order  to  admit  of  their  being  here  more  fully  examined. 
In  the  tirst  place,  the  librous  lamina,  as  has  been  shown,  does  not  perceive. 
One  of  the  other  layers  must  therefore  be  the  directly  perceptive  layer.  The 
nerve-cells  lie  in  the  yellow  spot,  where  i)erception  is  more  accurate,  over 
one  another  in  numerous  lamina),  and  therefore  appear  not  to  be  adapted  to 
the  purpose.  The  same  is  tme  of  the  two  grani^  layers  over  the  wboile 
retina.  Thns  we  oeme  by  oxdnsioa  to  the  layer  of  rods  and  holba.  This 
"View  is  further  snpported  by  the  following  poaitire  reaaoos : — 

I.  Preoisely  in  the.foTea  eentralis,  where  aente,  aeeorately  loeaUsed,  direct 
Tidon  takes  place,  the  layer  of  bnlbs  is  present  in  perfection,  and  oousista  «f 
smaller  bulbs,  from  whioh  more  defined  distinction  into  be  expected.  Almost 
all  the  other  elements  are  here  wanting.  They  are  pushed  aside  in  the 
yellow  spot,  and  therefore  do  not  receive  the  light  which  excites  the  images 
in  the  fovea  centralis,  but  effect  only  "the  transition  of  the  modification  to  the 
nerve-fibres.  Consequently,  the  bulbs  here  lie  almost  naked,  and  are  imme- 
diately accessible  to  the  light.  Even  the  adjoining  parts  of  the  yellow  spot, 
whioh  by  the  accumulation  of  the  elements,  particularly  of  the  nerve-cells, 
are  plaoed  in  a  rdatiTely  unfavourable  condition,  perceive  much  less  acutely 
and  aeeorately  than  the  forea  eentralis  itself.  That  diieot  Tision  actually 
takes  ploee  in  the  latter,  I  satiafied  myself  by  examination  with  the  ojpkthal* 
mosoope. 

*  Bowman,  Lvcture$ om  the pari9  coHetmed  m  the lyterutiom  on  ihtJEye^ 
London,  1849,  p.  S2. 
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2.  Pckkinjk's  experioient  proves  that  the  perceptive  layer  is  situated  toler- 
ably far  behind  the  fibrous  layer.  This  expeiiment  consibts  ia  making'  tlio 
Teasels  of  the  retina  vi^sible  to  ourselves.  In  it,  properly  speaking,  wo  j>cTceive 
the  shadows  of  these  vessels.  The  characteristic  ramitications  are  made  to 
itppear,  by  moving  a  candle  to  and  Iro  biside  the  eye,  opened  and  directed 
twanls  an  uniformly  dark  chamber ;  and  still  more  easily  are  they  rendered 
TkOb  to  any  one,  by  tiiniiiig  the  aotiiM  it  oraflk  m  potnlib  towwdi  tho 
ma^  tad  aoving  tht  dioptric  imagt  tf  a  Btm^  fiiniitd  by  a  eonvtx  knt  of 
MO  tr  tiro  Ptfititniaolitir  fowt,  to  and  tto,  ornp  and  down  on  the  oipottd 
wlttlt.  In  citliar  tatt  an  imagt  tf  light  it  lionntd  on  a  oirtaniteribtd 
fui  oi  the  moDbnntt  of  the  eye,  which  sendt  ont  light  through  the  wbolt 
qro,  bat  most  ne<^Marilj  in  the  deeper  layers  cast  shadows  of  .ho  great 
iwtit  of  the  fibrout  layer.  The  shadows  now  change  their  ^ace  with  the 
■OfiBents  of  the  image  of  light,  and  the  object  (in  this  case  the  blood- 
Te«els),  which  produces  the  shadows,  can  therefore  not  be  situated  in  tlie 
layer  which  perceives  the  shadows.  From  the  amount  of  this  displacement 
H.  Mueller  has  inferred,  that  the  perceptive  curtain  actually  lies  about  where 
the  surface  of  ihe  layer  of  bulbs  and  rods  is  to  be  found.  (  Verh.  der  ^hysik.- 
med.  GetelUchaft  zu  }\'urzbury,  V.  p.  411.) 

3.  In  the  eye  of  the  Cephalopodes  the  layer  of  rods  and  bulbs  is  directed 
ftnmdtb  and  imntdiatdy  rettivtt  the  intUtnt  light,  while  theodier  layeta 
■teatod  man  ptttarieriy,  eit  ont  off  1^  a  dark  layer  of  pigmtnt  from  tht 
ttemttf  thought 

4.  Tho  foil  and  bolbt  art  tiattrted  over  their  whole  lengtii  hy  the  lano 
WETee  of  Ughty  and  are  therelbie  in  a  petition  to  be  strongly  affected  by  the 
Ittttr.  Braeoke  was  the  first  to  point  out  this.  His  idea  of  the  layer  of 
rods  as  a  catoptric  system  is  to  £sr  perfMtly  eorrtet,  that  the  rays  of  li<;ht 
iHuoh  have  entered  a  rod  or  bulb,  cannot  again  leave  it.  In  the  first  place, 
the  most  of  the  rays  coming  directly  from  without  fall  in  the  direction  of 
these  radiatin^ly-placed  elements,  and  therefore  do  not  reach  to  the  lateral 
surfaces  of  boundary ;  but,  so  far  as  they  might  reach  them,  total  reflexii)n 
most  take  place  in  consequence  of  the  obtuse  angle  of  incidence  and  the  so- 
much-less  light-refracting  power  of  the  intervening  matter.  In  comparison 
ki  this  quantity  of  light,  whioh  is  limited  to  the  same  rods,  the  quantity  of 
^use  light  zefltoted  by  the  choroid  and  tdltrotio  bthind  the  rods,  whioh  it 
disperaed  through  Ttrioot  rodt  in  til  direotiont,  it  very  tmall,  and  doee  not 
iaieflen  with  the  aeeortey  of  pereeption.  In  eonnezion  with  the  isolated  oon- 
dition  of  tim  bundle  of  rayt  fidling  npen  eaoh  bulb  or  rod,  the  meet  perfeot 
tooomoodatien  it  obtained,  if  the  aceurato  image  be  foiaied  preeiiely 
on  the  tuiace  of  the  layer  of  rods  and  bulbs,  consequently  in  tho  fovea  cen- 
tnlis,  exactly  at  the  surface.  If  it  fell  first  in  the  mi  'die  of  the  bulbs,  there 
T^o'  Jd  be  at  the  surface  a  distribution  of  light  starting  from  a  point  and 
extending  over  more  than  a  bulb  :  the  accommodation  would  not  be  perfect. 
Thf  refore,  too,  the  so-called  line  of  accdmmodation,  of  which  wc  shall  hero- 
ifler  speak,  cannot  depend  upon  the  length  of  the  rods,  a^  has  been 
stated.  The  traversing  of  the  rods  in  their  whole  longitudinal  direction  by 
the  waves  of  light  must  produce  a  very  powerful  influence,  in  like  manner 
iu  a  nerve  is  more  strongly  affected  by  a  galvanic  action,  whcu  the  latter 
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pumm  thnNigl&  ft  portion  in  the  longitndinal  dinolion  of  the  nerre,  than 
wlion  it  pennottM  tiie  norro  only  in  a  tnuwfona  eonno. 
6.  Man  J  plMnomona  napeoting  Uie  lindte  o€  tiio  ■■iall<wt  angleo  of  per- 

ooption,  and  the  chan^  of  form  of  fine  lines,  Ac,  thence  aridng,  agreo 
only  with  the  idea  diat  the  layer  of  holbe  and  lode  is  affeoted  bj 
light 

The  qnestion  has  been  started,  whether  perhaps  the  bulbs  alono,  and  not  the 
rods,  receive  the  impressions  of  the  light.  This  suj^gestion  lias  arisen  from 
the  anatomical  fact,  that  in  the  yellow  spot,  where  i)€rception  is  most  acute, 
bulbs  exclusively  occur,  immediately  touching;  one  another,  and  that  between 
the  bulbs  a  progressively  greater  number  of  rods  appear,  in  proportion  as  we 
remove  fi%m  the  yellow  spot.  The  latter  circumstance  seems,  indeed,  to  indi- 
cate, that  the  aouteness  of  perception  is  connected  with  the  number  of  bulbs ; 
and  the  lame  view  ie  oorroborated  by  the  gnat  nnmber  of  nerTO^MUs  ooenrring^ 
here,  and  the  nnmenms  nerve4lbni  wldoh  aie  diieeted  towaida  the  yellow 
■pot,  and  have  their  periphario  termination  in  this  locality.  Bnt  wo  are  not 
thereby  jnatifled  in  denying  tiie  oapaoltj  of  the  rode  for  the  improeefon  of 
light  It  is  a  fact,  that  every  rod  cannot  haT*  ita  nerre-fihta;  to  that  end 
(tiie  place  oeenpied  by  a  rod  and  nerve-fibre  on  section  being  assumed  to  be 
equal)  the  nerve  mnet  have  a  aeotion  equal  to  the  aarfaee  of  the  whole 
retina.  There  does  not  even  appear  to  be  a  nerve-libre  for  each  bulb. 
Bnt  this  by  no  means  proves  that  each  rod  may  not  convey  its  action  to  a 
nerve-fibre,  which  should  then  equally  receive  the  stimulus  of  several  ad- 
joining rods,  thus  precisely  furnishing  a  very  intelligible  reason  why  the 
acuteness  of  perception  of  the  retina,  should  constantly  diminish  from  the 
yellow  spot  to  the  ora  serrata.  The  very  recent  anatomical  investitrations 
carried  on  independently  of  one  another  by  W.  Krause*  and  Braun,t  have 
rereokd  morphologioal  peonliaritiea  in  the  roda,  which  atHl  mom  atronglj 
bring  to  light  their  analogy  to  the  bnlba,  and  thna  prove  mneh  in  favour  of 
the  harmony,  if  not  of  the  aimilarity  of  their  f  nnotiona. 


*  SUnmjft^enekU  der  haiatrl.  AkadenUe  tkr  FFSnenaeAq/lM.  Wieo, 
1860.  Bd.  XLII.,  p.  16. 

t  Nachrichten  von  dtr  G.  A,  VmcerfUSt  a.  d,  lOmgl  OttelUch.  4mr 
Wmen^ck,  m  (muigtn,  1861. 
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it. — ^Pboois  OF  TSB  msmrGB  of  Acooinf oPATtoN  or  the  ctr. 

Tbx  media  of  tlie  eye  form  a  compound  dioptric  system,  wherein 
veean  aocniatcly  and  easQy  tiaoe  the  coarae  of  the  rays  of  lig^t  onlj 
by  hdng  aoqnamted  with  its  cardinal  pointa.  But,  to  dear  up  a 
amiiher  of  questions^  it  is  aodsfiBctorf  to  oonsido*  the  whole  system 

as  a  single  lens,  with  a  definite  focus,  and  the  action  of  such  a  lens 
is  then  sufficient  to  give  an  idea  of  the  accommodation. 

It  is  well  known  tliat  when  parallel  rays  of  light  fall  upon  a 
convex  lens  (i'ig.  2),  these,  at  a  certain  distance  behind  the  lens,  unite 
neailj  into  a  point,  called  the  principal  fociu.  Tlie  distance 
between  a  particular  point*  K'  of  the  lens  and  the  focus  ^"  is 
tomed  the  foealdiHame  F,  FaraUel  rays  of  light  proceed  frominfi- 
uilely  distant  objects.  From  each  point  of  an  ohject,  placed  at  a 
finite  distance,  proceed  rays,  which  have  a  <^iWyt/fy  direction.  When 
sach  rays  fall  on  the  lens  (Fig.  ^  n  b  and  a  b' ),  they  unite  likewise 
almost  into  a  point  jy  but  this  puiut  lies  further  behind  the  lens  llian 
the  principal  focus.  Such  a  point  is  in  general  called  a  focus.f  The 
principal  focus  is  the  focus  for  parallel  rays.  It  is  evident  that  the 
rays  may  fall  on  the  lens  in  such  a  diverging  direction  as  to  maintain 
a  degree  of  diveigence  behind  the  lens.  This  is  the  case  when  the  point 
(I^.  4  f^,  whence  the  nya  t  a  and  t  a'  proceed^  is  at  a  less  distance 
fnok  the  lens  than  amounts  to  the  focal  distance  F  of  the  lena.  The 
lays  then  acqoiie  after  refiraetion  throngh  the  lens,  as  be  and  dV, 
a  direction  as  if  they  had  come  from  a  point  more  distant  from  the 
^ens.  In  the  explanation  of  ordinary  nsion  this  last  is,  however,  of 
no  importance^  masmuch  as  objects  are  always  held  far  enough  from 

*  This  poiat  is  saDad  the  osntrs  of  ths  lens,  and  its  poiitioiidapends  only 
« the  oarratares  of  the  two  ■orfaeoi.  8.  H. 

f  Or  fiwoi  eoi^fugate  to  the  point  from  which  the  rays  come.  Optical 
^ters  use  the  word  focus,  in  general,  for  the  point  of  union  of  rays ;  and 
the  focus  of  parallel  rays  is  by  them  called  the  principal  focus.  When  the 
rays  are  not  parallel,  the  pointa  of  diTorgenee,  and  of  onion  of  the  rays,  are 
called  conjugate  foci— 6.  H. 


Digitized  by  Google 


8  PROOFS  OF  ACCOMMODATION. 

the  eye  to  allow  of  tlie  rays  proceeding  from  tbem  bemg  brought^  if 
not  into  uuiou^  at  least  into  a  converging  direction. 

Fig.  4. 


In  the  noimal  eye^  the  retina  is  phiced  pradeeiy  at  the  foeal  dis- 
tance of  the  dioptric  syston.  Farailel  nyt,  derived  6oni  infimtcslj 
dutant  objects^  are  therefore  hrooght  into  union  exactly  in  the  retimi. 
The  ohjecta  are  aocnrately  perceived.   From  near  objects,  as  we  have 

observed,  the  rays  proceed  in  a  diverging  direction,  and  their  point 
of  uinon  in  the  normal  eye,  consequently,  lies  behind  the  retina, 
and  yet  the  organ  is  capable  of  perceiving  near  objects  also  accurately. 
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It  itetfete  has  the  liutiiflr  power  of  hringing  divergent  rays  into 
mion  oil  the  retina.  Now,  tliis  power  of  bringing  at  will  rays  of 
aiffi-reut  directions  into  union  on  the  retina  is  the  jmoer  ofaccom-- 
moflatian  (jf  the  eye. 

We  can  easily  convince  oorselvcs  that  the  normal  eye  possesses 
neb  a  power.  That  we  aie  ahle  olearly  and  accmitely  to  distiiiguish 
objects  at  difoent  dkUiiceiy  ererjone  knows  by  eiparienoe.  We 
mad,  thmfore,  only  aarare  oQiadm  that  we  emnud  mi  tie  same 
time  plainlj  diatingniah  xemote  and  proximate  objeoti^  to  obtain  t 
proof  that  an  aoc»mmodating  power  exists ;  in  other  wordi^,  that  in 
the  eye  a  change  is  produced  in  connexion  with  the  distance  at  which 
we  can  see  accurately.  It  is  almost  superfluous  to  adduce  a  direct 
proof  in  support  of  this  statement.  Ordinary  observation  will  abun- 
dantly demonstrate  it.  It  is  well  illustrated  by  holding  a  veil  at 
aone  inchea  from  the  eye,  and  a  book  at  a  greater  distance ;  we  can 
then  at  will  see  aoeurately  either  the  texture  oC  the  Tei(»  or  the  ktten 
eC  thebook^  bntnerer  both  together.  If  we  aee  the  taxture  of  the 
veil,  we  eannot  dntingiiiah  the  lettefa  of  the  book;  if  we  road, 
the  vefl  prodneea  onlj  a  feeble,  almoat  nnifonn  obsearation  of  the 
field  of  vision;  of  the  separate  threads  we  see  scarcely  anything. 
The  circle  of  diffusion  in  imperfect  accommodation  can  be  most  dis- 
tinctly seen  at  an  illuminated  point,  or  at  a  darker  spot  on  a  piece  of 
ordinar}'  window-glass.  The  latter  is  held  close  to  one  eye  (while 
the  ether  eye  is  shut),  but  so  that  the  point  can  still  be  aocnratdy  per- 
eofed-— theobjeetaaitnated  at  a  certain  distance  on  the  other  aide  of 
the  ghv  aie  then  obaemd  without  defined  eontonra.  We  can  now, 
however,  at  wiU,  immediateljr  aee^  in  the  direction  of  the  pointy  the 
fllgeeta  at  the  remote  aide  of  the  glasa  distmotlj,  whereapon  the  point 
appears  as  a  larger,  diffused  spot.  A  change  has  consequently  taken 
place  in  the  eye.  Of  this  we  are  ourselves  distinctly  conscious. 
When  we  looked  at  distant  objects  through  the  glass,  the  eye  was 
sdjusted  for  almost  p^u-allel  rays ;  the  diverging  rays  proceeding  from 
the  point  had  theraforo  their  point  of  nnion  behind  the  retina. 
When  the  point  waa  aecnratdy  seen,  the  eye  was  aoeoinmodated  to 
Hkt  dimging  laya  proeeediqg  from  it,  and  the  ahnoat  parallel  raya 
derived  from  the  diatant  ohjecti^  had  aheady  united  in  fimnt  of  the 
letinay  and  had  deenaaated  in  a  foona.  In  nniting,  whether  before 
or  behind  the  retina,  the  rays  proceeding  from  each  separate  point 
formed  a  round  spot  on  the  retina,  instead  of  a  point.  The  sec- 
tion of  these  rays  has,  in  fact,  nearly  the  form  of  the  pupil,  and,  if 
the  lays  of  the  cone  have  not  yet  been  brought  into  anion,  or  if  they 
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have  alreadj  decimated^  thej  fann  on  the  lefciiui  a  little  ipoi  ci  tiie 
form  of  the  pupil.   AH  the  little  spots^  whkh  nsgnmmt  the  seveial 

pomts  of  the  object  in  the  retinal  pictare^  are  now  like  so  many 
blotted  points  of  an  accurate  image  covering  one  another,  and  it  is 
evident,  that  the  former  must,  therefore,  lose  its  sliarp  contour 
and  be  diffused  on  the  surface.  But  as  the  retinal^  so  is  the  pro- 
jected picture,  and  we  therefore  aay^  that  we  see  the  object  diffused. 
In  such  a  state  do  ail  objects  appear^  for  which  the  eje  is  not 
accommodated. 
. 

§3.  CUA2<01i  OF  THE  DKMTRIC  SYSTEM  OF  THE  EYE  IN  ACCOM- 
MODATION. 

That  in  the  eye,  in  accommodation,  a  change  is  produced,  has  in 
the  preceding  section  been  placed  beyond  a  doubt.  The  question 
now  isy  in  what  that  change  consists  ?  Since  Kepler  first  attempted 
to  answer  it»  the  inquiry  has  been  tiie  constant  source  of  much 
difference  of  opinion  among  natural  philosophm  and  phjsiologista. 
All  imaginable  hypotheses  have  been  advanced.  Alteration  of  situa- 
tion of  the  lens,  elongation  of  the  axis  of  vision,  contraction  of  the 
pupil,  chaiii^e  of  form  ot'  the  lens,  have  all  in  tunis  been  made  use  of 
in  the  ex[)lanatioii,  and  those  wlio  were  satisfied  with  none  of  these 
theories,  were  ^oiiietiiiics  bold  enough  altogether  to  deny  the  exist- 
ence of  an  accommodating  power.  The  ophthalmoscope,  which 
enables  us  to  see,  in  the  fundus  of  the  eye,  the  diffused  images  of 
objects  for  which  the  eye  is  not  accommodated,  effectoaUy  ailenoes 
these  Ust. 

It  is  not  my  intentbn  to  anhject  anew  to  eritidam  the  long  aeries 
of  incorrect  viewa  upon  the  anbject.   I  am  not  writing  a  history  of 

errors.  We  now  know  what  change  the  dioptric  system  undergoes 
in  accommodation,  and  the  source  of  this  knowledLrc  alone  can  here 
be  sketched  in  its  leading  features.  IVie  clunuje  co^islsf^'i  in  an 
alteration  of  form  of  the  lens:  above  all,  iU  anterior  surface  bc' 
eomea  mare  eomex  andapproackee  to  the  cornea. 

It  is  now  nearly  aixty  yeara  since  Thomas  Young*  had  satisfied 
himself  that  the  power  of  acoommodation  dependa  npon  a  change  of 
form  in  the  lens.  Nor  was  he  led  to  this  conviction  merely  by  the 
eidnsion  of  other  hypotheses ;  he  adduced  reasons  which,  properly 

•  Philosophical  TranmctionSy  1801,  vol.  xcii.  p.  23.  Conf.  Miscellaneous 
Works  of  the  late  Th.  Youno,  edited  by  Geobob  Peacock,  Vol.  L  p.  12. 
Luudou,  Ibod. 


Digitized  by  Gopgle 


OBSERVATIONS  OF  YOUNG,  ETC. 


11 


■fcwtood,  should  be  taken  as  poeitnre  pfoofr.   Am  an  hTpothesis 
kfea  bad  alieady  qdsted ;  but  pfoviondj  to  the  time  of  Yoimg  it 
eoald  be  consdered  as  little  more  than  a  loord  aaaertioii^  to  which 

no  value  was  to  be  attached.  The  force  of  Young's  experiments  was, 
ionrever,  not  understood,  and  his  doctrine  scarcely  found  a  place  in 
the  long  list  of  incorrect  opinions  and  hazardous  suggestions,  which 
▼ere  constanUj  anew  brought  forward.  Perhaps  the  necessary 
itkntion  was  not  paid  to  Young's  demonstration,  because  physiolo- 
pdB,  not  being  acquainted  with  any  muscular  elements  in  the  eye, 
eodd  scaio^  imagine  bj  what  mechanism  the  crystalline  lens  shonld 
dumge  its  form*  and  they  were  little  inoUned  to  beliere  withTomig* 
in  the  contractility  of  the  fibres  of  the  lens.  It  was  not  nntil  after 
direct  proofs  (within  the  reach  of  every  one's  observation  and  compre- 
hension) of  the  change  of  form  of  the  lens  had  been  brought  forward 
bv  other?,  that  Ilelmholtzf  placed  the  able  investigation  of  Thomas 
Young  in  its  proper  light.  The  direct  proofs  were  given  a  few 
years  ago,  and  to  our  fellow-countryman  Cnuner,|  too  early  snatched 
from  belongs  the  highest  honour  in  the  matter. 

?or  many  years  the  icAeded  images  of  the  anterior  and  posterior 
snrfiiees  of  the  lens  were  generally  known.  Pnildiye  had  discowed 
them  in  182S,  and  Sanson  had  made  them  available  in  the  diagnosis 
of  cataraet  (1S37).  If  some  doubt  still  remained  respecting  the  origin 
of  the  two  reflected  images,  observed  in  the  eye  behind  that  of  the 
coriiea,  the  doubt  was  removed  by  the  experiments  of  Meyer.§  For 
the  recognition  of  cataract  they  lost  their  value,  when  more  decisive 
means  of  attaining  it  were  discovered.  Bat  it  was  they  which  could 
ghre  an  infallible  answer  to  the  qnestion,  whether  the  lens  in  the 
seeommodation  of  the  eye  nndergoes  a  change^  either  in  form  or  in 
wtnatiffin* 

Maximilian  Langenbeck  ||  was  the  first  to  whom  it  oecnrred  to 

investitr.ite  the  rellccted  images  of  the  lens  with  reference  to  this  im- 
pc>rtaiit  question.  He  examined  them,  however,  only  with  the 
naked  eye,  moreover  at  a  very  unfavourable  angle,  almost  solely 
viUL  respect  to  the  depth  of  their  situation  in  the  eye,  and  we  can, 
therefove,  scarcely  assume  that  this  investigation  was  sufficiently 
*  Mueeilamoua  Work»,  Tol.  I.  pp.  1  «<  §$q, 

t  AUffe$HeinB  Bmcydopmdi»  dSrr  PAyift,  henuugcgeben  Tim  0.  Kantan^ 
Knte  Lieferuag,  B.  I.  pp.  112  e<  8eq. 

I  Jlet  arrommfHiatie-rermogeny  phystologtsch  toegeUrht.   HsaileiD,  1853. 

I  Zeitschnftf.  ration,  Medizin,  Band  V.  p.  2r>2.  1840. 

!i  KUnische  Rdtrage  am  dem  OMeU  der  Ckirurgie  u.  Ophthalmologie. 
Gottiogen,  I$4U. 
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deddre  to  produoe  eonvietioB.   Nererlihcless,  he  annonnoed  tlie 

most  important  fact :  namely,  that  in  accommodation  for  near  object* 
the  anterior  surface  of  the  lens  becomes  viure  convex.  This  statement 
lay  hidden  in  a  work,  whose  title  was  little  adapted  to  attract  the 
attention  of  physiologists.  Accidentally  the  book  fell  into  my  bauds. 
Struck  with  Langenbeck's  fortanate  idea,  I  immediately  endeavonved 
to  satisfjr  myself  of  the  correctnaM  of  bia  aasertum;  but  owing  to 
de&ots  in  tiie  means  lem^yed^  no  miithcUuf  leauh  waa  obtained. 
That  on  examination  with  a  magnifier  the  reflected  images  durald 
show  with  oertainty,  whether  in  aeoomnio&tioii  a  change  of  the 
crystalline  lens  arises,  I  did  not  hesitate  to  predict*  I  soon  heard 
that  Cramer,  led  by  this  prediction,  had  taken  up  the  questiou.f  He 
comprehended  its  lull  importance,  solved  it  in  the  manner  pointed 
out  by  me,  and  so  put  forward  his  resui^  that  its  correctness  waa  in 
a  very  short  time  imiTersally  admitted. 

I  have  above  observed^  that  from  the  icfleoted  images  of  the  lena 
we  may  learn  both  the  eiifvaiiir$  and  the  mAmIimi  of  ita  sorfaoea. 
Cramer  had  abeady  dedooed  both  from  hia  investigationa. 

In  the  first  place,  as  relates  to  the  eurvatare,  we  know  that  convex 
mirrors  produce  a  duninished  image  behind,  concave  mirrors  before 
the  reflecting  surface,  and  that  the  images  are  smaller  in  proportion 
as  the  radius  of  curvature  is  less.  This  is  easily  seen  by  compaiiug 
the  reflected  image  of  a  llame  formed  by  biconvex  q^tacles  ground 
with  different  radii.  We  see  an  erect  reflected  image  behind  the 
anterior  snrfroe  of  the  glass,  and  an  iuTerted  image  before  the  g^aaa, 
and  both  an  amaller  in  proportion  to  the  confexity  of  the  sur&elM  of 
the  glass  employed.  The  posterior  erect  image  ia  formed  by  reflexion 
on  the  anterior  surface  of  the  glass ;  the  anterior  inverted  image  is 
formed  by  reflexion  on  the  posterior  surface,  or,  to  speak  more 
correctly,  on  the  concave  surface  of  the  air  contiguous  with  the 
posterior  convex  surface.  Now,  the  anterior  surface  of  the  crystalline 
lens  is  a  convex  mirror ;  the  posterior  surface,  or  rather  the  anterior 
anrlMse  of  the  vitreous  humour  eorresponding  thereto,  represents  a 
omieaTe  mirror.  The  reflected  images  aie  feebly  iUnminated,  beeanae 
the  diiforenoe  in  reftaetion  between  the  flnida  of  tiie  eye  and  the 
lens  being  small,  the  reflexion  is  not  considerable.  They  are,  how- 
ever,  clearly  disoemible,  when  we  hold  a  bright  flame  at  one  side  of 
the  eye,  and  look  into  the  organ  at  the  other  side.  If  a  line,  drawn 
from  the  flame  to  the  eye,  forms  an  angle  of  about  30°  with 
the  axis  of  vision,  and  if  we  look  at  the  other  side,  likewise  at  an 

•  NmhrL  jAm€$t,  2*  S^r.,  D.      pp.  135  and  147.  f  lot,  mt. 
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ingle  of  about  30^  with  the  axis  of  vision,  into  the  eye,  the  three 
iittle  images  appear  flat,  close  to  one  another,  in  the  pupil  (Fig.  5). 


A  B 


A  represents  their  situation  in  the  eye  accommodated  for  distance; 
B  in  the  eye  accommodated  for  near  objects.  In  both  a  is  the 
reflected  image  of  tlie  cornea;  b  that  of  the  anterior  surface,  and  c 
that  of  the  posterior  surface  of  the  lens.  Cramer  viewed  them 
magnified  10  or  20  times.  He  thus  convinced  himself  that  the  image  • 
b  reflected  by  the  anterior  surface  of  the  lens  is,  in  accommodation 
for  near  objects,  considerably  smaller,  and  he  thence  correctly  inferred 
that  the  anterior  surface  of  the  lens  increases  in  convexity,  that  the 
radius  of  curvature  diminishes.  Subsequently  Helmholtz,*  who,  inde- 
pendently of  Cramer,  had  discovered  the  true  principle  of  accommo- 
dation,t  has  stated  that  also  of  the  little  inverted  image  c  formed  by 
reflexion  on  the  surface  of  the  vitreous  humour,  not  only  the  apparent, 
but  the  actual  size  diminishes  a  little  in  accommodation  for  near 
objects,  and  that,  consequently,  the  posterior  surface  of  the  lens,  too, 
increases  in  convexity,  although  this  increase  is  very  slight. 

As  to  the  change  in  situation  of  the  curved  surfaces  of  the  lens,  this 
can  be  determined  from  the  alteration  of  place  of  the  reflected  images. 
If  we  compare  Fig.  5,  A  and  B,  we  shall  see  that  in  B  the  image  b 
reflected  by  the  anterior  surface  of  the  lens,  is  approximated  much 
more  to  the  reflected  image  of  the  cornea  a,  than  in  A ;  and  Cramer 
hence  inferred  that  the  anterior  surface  of  the  lens,  which  had 
become  more  convex,  now  comes  also  to  he  closer  to  the  cornea. 

•  Arch.  f.  Ophthalmologie,  berausgcgcben  von  Arti,  Dondcrs  und  von 
Oraefe.  Bd.  L  Abth.  2,  p.  1. 

f  MtnmUberichU  der  Akademie  zu  Berlin^  Febr,  18o3,  p.  137. 
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The  next  figure  (6)  clearly  decides  this.    A  A'  is  the  axis  of  the 

Pig.  6. 


cornea,  witk  which  we  heie  assume  that  the  axis  of  the  lens  h 
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ecuDcades.  The  lens  is  drawn  in  a  double  form,  nnmely,  with  con- 
tinoiis  lines  in  the  form  of  aooonunodation  for  distant,  and  with 
dotted  lines  in  ihe  form  of  aocommodation  for  near  obrjects.  At  f 
ii  a  flame ;  at  o  the  eye  of  the  obeenrer.  llieae  two  are  so  placed 
that  linea  proceeding  from  them  cot  each  point  of  the  axia  at  similar 
angles.  Therefore,  the  rays  thrown  back  by  the  reflecting  surfaces 
of  ihe  observed  eye,  where  these  surfaces  are  cut  by  the  axis^  reach  the 
eye  of  the  observer. 

Tlie  rcliected  image  of  the  cornea  is  consequently  seen  in  the  direc- 
tion 0 1,  and  (disregarding  refraction  on  surfaces  situated  in  front)  that 
of  the  anterior  surface  of  the  lens  in  the  direction  0  2,  that  of  the 
posterior  surface  in  the  direction  0  8.  Projected  on  the  snr&ce  I 
thcj  appear  dose  to  one  another  aa  a,    and  c  (compare  also  Fig.  5, 
A).   If  now  the  anterior  aorfiice  of  the  lens  adTanoes  to  the  dotted 
Kne,  the  second  image  is  seen  in  the  direction  0  2',  and  is  therefore 
pTojei  led  in  the  surface  I  1,  a^s  i';  it  has  conse(|uently  approaclicd  the 
reflex  image  a  of  the  cornea  (compare  the  preceding  Fig.  5  B) .  From 
this  change  of  place,  which  is  easily  observed,  we  therefore  infer 
thaty  in  aocommodation  lor  near  objects  the  anterior  surface  of  the 
lena  approaches  the  cornea.  It  is,  indeed,  true  that  we  do  not  see  the 
iaiageB  d  and  h'  eiactly  in  the  direction  of  the  point  whm  the  aiia 
CBta  theaulaoe  of  the  lensy  becanae  both  the  incident  and  the  reflected 
nj  ia  refracted  hj  the  cornea  in  front.   Bnt  in  conaeqnence  of  the 
srmmetrj  of  the  cornea,  which,  moreover,  does  not  change  its  form, 
and  the  symmetrical  position  of  the  eye  0,  and  the  llame  /J  with 
respect  to  the  axis,  the  de\nations  so  produced  are  ctnially  creat  on 
both  sides,  and  the  above  inference,  therefore,  remains  quite  correct. 
If  we  determine  the  direction  of  the  radius  of  the  cornea  in  this  place, 
where  the  ray  reflected  on  the  anterior  surface  of  the  lens  enters  and 
leafea  the  latter,  we  can,  from  the  distance  between  the  images  a  and 
^and  a  and  d',  calculate  the  diatanoe from  the  anterior  snrfim of  the 
lena  to  the  cornea. 

Cramer  did  not  observe  any  displacement  of  the  posterior  image. 
He  thence  inferred  timt  the  situation  of  tlie  surface  did  not  alter. 
This  inference  was  hazardous,  so  long  as  it  was  not  ascertained  how 
far  the  change  of  form  of  the  lens  in  accoirunodation  iniL^lit  have 
influence  on  the  place  where  the  image  c  was  seen.  Now,  howev 
since  the  mathematical  investigation  of  Helmholtz  has  shown,  1 
in  oonaequence  of  an  inddeutal  compensation,  such  an  influence 
•ot  at  an,  or  acaicdj  exist»  we  are  reaUy  jnatified  in  co: 
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from  the  nnskend  ntoalioii  of  Uie  image  e,  thai  the  postetior 

surface  of  the  crjstaDliie  lani  in  accommodation  does  not  diaage  its 

situation. 

The  changes  in  the  dioptric  system,  observed  in  accommodation  for 
near  objects,  therefore,  consist  in:  1.  That  the  anterior  surface  of 
the  lens  becomes  more  convex,  and  approaches  the  cornea,  both  these 
altentioos  taking  pboe  to  •  considendile  degree ;  2.  That  the  posterior 
sorfiioe  of  the  lens  becomes  a  little  moie  oon?ei»  Imty  notwiihstandingy 
lemains  at  a  neaily  cqpial  distinee  from  the  oornea. — Besides  the 
ehanges  here  described,  noM  others  occur  in  the  dioptric  sjatem  in 
accommodation.  In  the  fint  |4aoe,  Br.  Knapp  has  proved  that  the 
changes  occurring  in  particular  pcr-^oiis  in  the  crj^stalhne  lens,  are, 
in  general,  sufficient  to  account  for  their  range  of  accommodation  ; 
and,  in  the  second  place,  I  have  satisfied  myself  that  where  the 
crystaUine  lens  is  absent^  even  in  young  people,  not  the  slightest 
trace  of  accommodating  power  remains.  Knapp's  results  are  spoken 
of  at  the  end  of  the  fini  Qiqpter;  mine  ahall  be  subaequentlj  tnore 
follj  comnmnicated. 


NOTE  TO  I  3. 

In  order  to  observe  the  reflected  images,  Cramer  made  use  of  an  iastraniantv 

by  him  called  the  ophthalmoscope,  a  term  which  is  now  geoerally  and  more 
correctly  applied  to  the  eyc-apeculum.  This  instrument  I  have  so  modified 
that  it  can  be  used  for  measurements,  and  I  have  given  to  it  in  this  furra  the 
name  of  phacoidoscope,  which  word  fully  expresses  its  object.  The  most 
essential  elements  of  this  instrument  are— (Fig.  7)  1.  A  horizontal  quadrant, 
diTided  into  degrees ;  2.  A  flame  /  reflected  in  the  observed  eye  0' ;  3.  A 
aiffOMopa  im,  tiiioiigh  wUsh  tkt  obiervei^a  ays  0  aass  liit  obsmad  eye  O 
asagaiftBd  tnm  15  to  80  tisMi,  and  In  whiflh  tiia  alit  betweon  two  numUo 
Wtioal  siirliMos  present  in  the  eyo-pieoo,  aervoa  aa  a  aderonietir  $  4.  A 
sight  r,  oapaUa  A  being  plaaod  at  different  distanoos  from  tbo  eyo.  Hie 
flame  impinges  unchanged  upon  0®,  the  sight  and  the  mioroscope  can  turn 
horisontaUy  around  tha  nuddk  point  from  which  the  qnadrant  is  described ; 
the  obserred  eye  O'  ia  so  placed,  that  its  crystalline  lens  coincides  with  the 
middle  point  of  this  quadrant.  We  can  thus  alternately  fix  the  sigbt» 
placed  near  the  eye,  and  a  distant  point  situated  in  the  direction  of  the 
^sight,  after  having  tirst  given  a  proper  position  to  the  microscope  and  to  the 
sight.  The  flame  remains,  as  has  been  said,  in  the  direction  of  0*^.  If  the 
^microscope  be  now  placed  at  60°  and  the  sight  close  to  30**,  we  shall  usually, 
on  altering  the  aooommodation,  sec  very  distinctly  the  displacement  and 


Digitized  by  Google 


THE  PHACOIDOSCOPR 


17 


ikvge  of  rim  of  the  middle  imags.  Properly  speaking,  the  sight  ought 
MltotlHid«feaO**»  biikalalMHit6**or60frofliit,Mtheobi«md^emait 


Fig.  7. 


( 


look  5*  or  6^  mora  inwaids.  Hie  axis  of  viaioii  liea,  Tis.,  in  geaend,  to 
theontside  of  the  line  of  Tirion  (that  is  the  line  extending  from  the  yellow 
ipot  to  tlie  fixed  point),  and  the  line  of  Tirion  must  therefore  he  turned  in- 
vaids,  in  order  to  direot  the  axis  of  vision  to  30^.   If  we  wish  to  determine 

the  position  of  the  aorfBUie  of  reflexion  of  the  lens  from  the  difltanoe  between 
fteieiflccted  images  a  and  6,  the  direotionof  the  axis  of  the  cornea  nmst  first 

be  sought  in  order  to  place  the  sight  correctly  with  respect  to  it. 

Helmholtz  constructed  a  peculiar  instrument,  called  by  him  the  ophthal-  v  , 
mometer,  for  the  purpose  of  determining  the  magnitude  of  the  retlectcd  images.  ^  ^ 
This  instrument  is  one  of  the  great  treasures  tor  which  we  are  indebted  ta 
his  genius.    Kohlrauschi  and  ahio  6enii',  had  already  measured  the  reflected 
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images,  at  iMni  tliftt  of  tho  oomea,  witk  a  magoMying  glaM.  Bat  the  oph- 
thalmometer possesses  a  gfoat  adfuitage  oTer  an  ordinary  mtgnifior,  iuM- 

muoh  as  the  trouhlc  and  inaccuradgfy  which  in  the  successive  measurements 
of  til  ' borders  of  the  image  must  necessarily  result  from  slight  movements  of 
the  head  and  eyes,  are  avoided  in  this  instrument.  The  mode  of  measure- 
ment witli  the  heliometer,  wliieh  enables  astronomers  acouratelv  to  determine 
minute  tJiinensions  of  the  planets  in  constant  motion,  suggested  its  construo- 
tion  to  Uelmholtz.  These  measurements  are  accomplished  by  doubling  the 
images ;  the  same  is  true  of  the  ophthalmomettt.  Objects  whioh  are  seen 
through  a  pUte  of  glaai,  hounded  by  perfectly  flat  and  panllol  inxfiMes, 
held  ohliquely  to  tiio  lino  of  Tiaion,  appear  to  he  in  aome  metanxe  lalerallj 
diaplaoed,  and  this  dispiaeement  inoreaaes  with  the  magnitude  of  the  angle 
of  incidenoe  of  the  rays  of  light  upon  ttie  plate.  On  this  ainiptle  fiMt  dnh 
penJs  the  action  of  the  ophthalmometer. 
In  Fig.  8,  let  A  be  a  Galilean  teleaeope,  before  whoee  olgeot-glaaa  two  piano- 
Fig.  8. 

ri  rr — i   

parallel  glass-plates,  seen  in  profile  in  6,  and  0%  h%  are  bo  placed  obliquely 
to  its  axis,  that  the  right  half  of  the  object-glass  receives  ita  light  through 
the  plate  rtj  ftj*  ^^^^  through  the  plate  Oi  6j,  then  the  image  c  to 
which  the  telescope  is  directed,  appears  not  at  c  </,  but  through  the  plate 
a^hx  at  c,  and  through  the  plate  a.,  b.,  at  c.  d..  The  two  images  stand  at  the 
same  time  close  to  one  another  in  the  field  of  vision  of  the  telescope.  If  now 
the  glasa-platcs  be  turned  so  far.  that  the  extremity  c/,  of  the  first  coincides 
with  the  extremity  Cj  of  the  second  image,  and  il  we  know  the  angle  througli 
whioh  the  glass-plateohaTexevolTed,  with  their  thickness  and  the  coefficient 
of  the  refraoting  power  of  the  glass,  we  can  oaloulate  the  length  c  even 
without  knowing  the  diatanoe  ftom  A  to  e  dl  The  opfathalmometor  la 
farther  w  arranged  that»  on  taming  round  the  glasi  plates,  both  liaYerse 
e(|ual  angles,  and  it  can  be  read  with  great  acouraoy  at  what  angle  thqr  are. 
Those  who  desire  to  learn  the  details  of  the  oonstruction  of  the  initnunent 
should  consult  Helmholtz  {Archiv  fiir  Ophihalmologte,  herausgegeben 
von  Artl,  Donders  und  von  Graefe,  Bd.  I,  Abth.  2,  p.  1).  At  the  option 
of  the  observer,  c  d  need  not  be  calculated.  If  we  have  a  finely  divided 
measuring-rod,  we  can  empirically  determine  by  what  number  of  degreea 
of  the  ophthalmometer  known  magnitudes  arc  measured,  and  prepare  a  table 
of  the  results.  For  reasons  elsewhere  detailed  (  Verslafjen  en  Medi  dccUngen  ^ 
van  de  Koninklijke  Akademie  van  Wctenschapjycv,  Amsterdam,  18G1.  D.  ' 
XI.,  p.  169),  I  have  even  given  the  preference  to  this  method.  From  the  ' 
degrees  on  the  ophthalmometer,  by  whioh  a  reflected  image  is  measured,  we 
then  immediatelj  find  ito  nuignitnde  in  the  table ;  and  If  wa  know  at  the 
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same  time  the  distance  and  magnitude  of  the  object,  whose  image  we  measure 
on  a  curved  surface,  we  can,  by  a  tolerably  simple  formula,  calculate  the  radiua 
of  the  curve.  If  we  always  use  the  same  object  (represented,  for  example, 
by  the  distance  between  two  liames),  and  if  this  is  always  at  the  same  di»- 
tenee  from  the  observed  eye,  we  can  in  the  tables  easily  add,  after  the  magni- 
tmdm  of  ^bm  images,  the  <om^ondmg  radii  of  eor?atare,  Maid  to  iamwidiiilnly 
md  ftom  Moh  obtenred  numlMr  of  degress  on  the  ophthftlmonetir  tha 
ndiui  of  enrratmo  of  the  nfleoting  sofliMse.  Soeh  an  amngeiiMiit  oxiito 
in  tlie  KoflierloBds  Hoopitd  fbr  Diieoses  of  the  S70  ol  Utndht 

The  appliofttioii  of  fhe  ophdialmometor  to  the  moiiiiioiiieiit  of  the  deaf 
■f  '>BCl<d  images  of  the  ooraea  is  very  easy.  Wo  obaerro  that  in  aoeommo* 
datioo  for  oaoh  distanoe  the  magnitiidaa  of  tho  inagiOi  and  ooBMqiuiitLy  the 
ladiust  remain  unalterably  the  same. 

On  the  anterior  surface  of  the  lens  the  image  is  too  weak  and  too  ill-de- 
iined,  to  allow  of  the  measurement  of  double  images  thereof  with  tho  ophthal- 
mometer. ITelraholtz  therefore  produced,  close  to  the  reflected  image  of  the 
leM,  a  changeable  redected  image  on  the  cornea,  and  made  this  last  equal  in 
magnitude  to  the  first,  of  wliich  he  could  accurately  judge  with  tho  naked 
eye.  The  magnitude  of  that  of  the  cornea  can  then  in  every  case  be  oalcu- 
lated  or  measured.  The  magnitude  is  estimated  mo6t  precisely  when  each 
laflaetad  image  conaiata  of  two  little  tapers,  whoso  mntnal  distanoa  then 
ifptaoanta  tho  dsa.  Wo  obtain  tho  doabling  by  two  oandlaof  or  by 
tho  gaflgrion  of  ono  aandle  in  a  minor  hold  midor  Iho  obaerfod  oyo. 
lha  aeeiirafly  of  tho  moliiod,  howoror,  aooording  to  Knapp^  who  somewhat 
modified  it  (ArchivJSr  OpWuilmoL,  Bd.  YI.,  Abth.,  2,  p.  1),  still  left  mnoh 
t»  bo  desired.  For  easy  as  it  is  to  satisfy  one's  self  of  the  alteration 
m  magnitode  of  the  reflected  image  6,  it  is  difficult,  on  acoonnt  of  its  faint- 
acas  and  want  of  sharp  contours,  to  determine  the  absolute  size  of  it  with 
Qie  desirable  accuracy.  The  little  inverted  image  of  the  posterior  surface 
of  the  lens  is  well  defined.  In  this  instance  the  ophthalmometer  was  again 
tpplicable,  and  Helmholtz  satisfied  himself  that  the  radius  of  curvature  in 
tcwmmcxlation  for  near  objects  here  becomes  a  little  smaller.  More  accu- 
rate determinations,  obtxiined  by  a  modified  method,*  have  led  to  the  same 
ftsoU. 

In  order  to  aaoertain  the  plaoo  of  tho  antarior  aorl!u»o  of  tha  lena, 
HiUmUb  doteradaed  that  of  the  aaafgin  of  the  pnpfl  wfaiah  liaa  i^ainat  lha 
km^  Tho  paction  of  tha  poaleiior  inrftoa,  in  tho  dotarmination  of  whiah 
fti  ophthalmomalor  again  rendered  good  serrioa,  was  deduced  in  a  rathar 
■npjjnr  manneis'from  that  of  the  reflected  image.  These  determinations  of 
(ke  places  of  the  surfaces  of  refraction  mighty  aa  haa  been  already  obserrod, 
ilao  be  obtained  with  the  phacoidoscope. 

So  far  respecting  the  methods,  with  reference  to  which  Flelmholtz  and 
Kaspp  may  further  be  compared.  As  to  the  results  obtained,  the  nooessary 
innnmtt  wiU  be  made  at  the  end  of  this  Chapter. 


•  Conf  .  J^ni^  JL  a.  p.  M.  ' 
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§  4.  On  the  Mechanism  of  Accommodation. 

So  soon  as  the  changes  which  the  dioj^tric  system  undergoes  in 
accommodation  had  become  known^  physiologists  were  in  a  position 
to  investigatey  with  sogie  hope  of  saccess,  the  mechanism  whereby 
those  cha^pes  aie  produced.  Many  modes  of  solving  this  qiiestion 
have  heen  tried.  Bj  some,  experiment  has  been  resorted  to ;  others 
have  institnted  an  accurate  examination  of  the  anatomy  of  the  parts 
which  appear  to  be  concerned  in  the  mechanism  referred  to ;  patho- 
logy, finally,  has  been  made  use  of  in  prosecuting  the  inquiry.  But, 
notwithstanding  all  these  ellbrts,  it  cannot  be  said  that  any  theory 
brought  forM-ard  has  as  yet  l)ccn  fully  proved :  the  utmost  we  have 
attained  to  is^  that  by  exclusion,  the  limits  wherein  our  views  may 
range  have  been  much  restricted. 

It  has  been  in  general  tacitly  assumed  that  the  accommodation 
for  distance^  and  even  for  the  farthest  point  of  distinct  vision^  is 
poxeiy  passive — that  in  it  only  relaxation  of  the  parts  whidi  activel j 
produce  accommodation  for  near  objects  takes  place.  I  believe  tliat 
this  idea  was  in  all  respects  fully  justified.  But,  if  we  endeavour  to 
explain  the  mechanism  of  accommodation,  it  is,  as  a  preliminary 
question,  so  important,  that  it  may  well  be  s])ecially  treated  of,  the 
more  so,  because  some  advocate  an  active  accommodation  also  for 
distant  objects.  The  grounds  on  which  it  may,  in  my  opinion^  be 
maintained  that  accommodation  for  near  objects  only  is  actively  while 
that  for  distant  objects  is  passive^  are  the  following : — 

1.  The  subjective  sensation; — ^for  myself  this  is  conclusive. 

2.  The  phenomena  produced  by  mydriatics.  If  we  drop  into 
the  eye,  a  solntaon  of  one  part  of  sulphate  of  atropia  in  120  of 
water,  the  pu})il,  after  ten  or  fifteen  minutes,  begins  to  dilate,  and 
soon  afterwards  the  nearest  point  of  distinct  vision  removes 
farther  and  farther  from  the  eve.  At  the  end  of  forty  minutes 
all  action  is  destroyed,  and  the  eye  remains  accommodated  to  its 
farthest  point*  The  muscular  system  for  accommodation  is  now 
paralysed,  and  paadysis,  that  isi,  the  highest  degree  of  relaxation^ 
is  thus  proved  to  be  equivalent  to  acoonunodation  for  the  fertheat 
pomt.  Now,  did  we  assume  the  existence  of  a  distinct  system,  work- 
ing actively  in  accommodation  to  the  farthest  points  we  ought  to 
maintain — Ist,  That  this  system  is  not  paralysed  by  atropia;  2nd, 
That  it  is  by  this  agent  brought  into  a  conditiou  in  which  it 
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IB  inci^ble  of  relaxation.   This  gappoeitioii  would  not  be  quite 

absurd.  Something  of  the  kind  is  said  to  occur  in  the  action  of 
itropia  upon  the  iris  :  the  circuLir  fibres  of  the  latter  arc  thereby 
paralysed,  but  at  the  same  time  its  radiating  (?)  fibres  are  said  to  be 
brought  into  the  condition  of  spasm,  so  that  the  pupil  becomes  much 
wider  than  in  cases  of  paralysis  of  the  spluncter^  and  is  also  not  at 
ail  or  scuody  capable  of  further  dilatation  by  inritation  of  the  syni-p> 
puthietic  nerre  in  the  necL*  fint  though  the  aappodtion  is  not  ab- 
fliD^  it  is  neveriheleas  £ur-fe(ched  and  little  admiasible.  Hiat  it  is 
ineomet  appeals  fnither : —  * 

S.  From  the  phenomena  attending  paralysis  of  the  oculo-motor 
nerve.  In  this  affection  the  power  of  accommodation  is  not  unfre- 
quently  wholly  lost.  This  condition  may  occur  with  paralysis  of 
some  or  of  all  the  muscles  governed  by  the  oculo-motor  nerve ;  but 
it  may  also  exist  quite  independently.  In  it  the  refraction  corre- 
^Minds  to  the  onginBl /artkeU  jmnt,  as  cases  of  recovery  have  satis- 
fmimSLj  proved  to  me.  The  pi^il  is  immovable  and  dilated,  although 
not  lii^j  so.  On  installation  of  atropia»  the  diameter  becomes  much 
gieater,  but  the  lebaction  of  tiie  eje  remains  unaltered.  Accom- 
modation for  the  furthest  point  corresponds,  therefore,  to  total 
panilysis.  In  imperfect  paralysis  (paresis  of  accouuuodation)  the 
nearest  point  is  always  removed  further  from  the  eye,  the  farthest 
remaining  unaltered.  Cases  of  paralysis,  where  the  farthest  point 
should  be  approximated  to  the  eye,  do  not  occur  :  they  should  neces- 
suily  occur,  did  a  muscular  system  exist,  actively  producing  accom- 
BKxfatiwi  for  remote  objects. 

4.  l%e  lens,  endosed  in  its  eapsole,  has  an  important  property, 
vhidi  must  hm  be  expressly  pointed  out.  It  possesses  a  high  degree 
of  elasticity.  On  gentle  pressure  its  form  is  easily  altered,  but  it  imr 
mediately  regains  its  original  form  when  the  pressure  ceases. 

Hence,  too,  it  appears,  that  only  the' mechanism  of  accommodation 
for  near  objects  is  explicable  by  muscuhir  action,  and  that  the  return  to 
accommodation  for  distant  objects  occurs  spontaneously  (with  the  co- 
operation of  elastic  parts)  when  the  active  muscJar  operation  ceases. 
13ie  effects  of  myopic  individuals  to  see  distinctly  at  a  gre;iter  dis- 
tance, are  oonfined,  as  we  shall  subsequently  obeme,  to  diminishing 

*  See  dc  Kuyter,  De  actione  Airopa  BtUadamut  in  iridemf  Trajeni  ad 
Ehenum,  1856.  Kayper,  Ondwtoekingen  hdrtikMiik  de  kuntinua^fe  rer- 
wijding  van  dm  mujap^teL  Utreeht,  1860. 
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the  circles  of  ditlusion,  by  excluding  a  part  of  the  pupil :  they  pro- 
duce no  true  accommodation — no  cliangc  of  the  dioptric  system. 

Now  the  accommodation  for  near  objects  must  take  place  througli 
the  intervention  of  muscular  action.  The  accommodation  is  pro- 
duced voluntarily,  and  we  know  no  voluntary  movement  without  the 
mtervention  of  contgactile  of  miiacalar  elements. 

Befoie  phjsioioguto  were  aoqiMiintod  wilh  tihe  changes  of  the 
dioptric  sjatem,  they  often  attached  importance  to  the  external 
moiieleB  in  the  piodnction'of  aoeommodatbn.  Now  that  we  know 
that  the**  accommodation  depends  on  a  change  of  form  in  the  lens, 
this  opinion  seems  scarcely  to  need  refutation.  Tliat  with  converg- 
ing hues  of  vision,  through  the  action  of  the  musculi  recti  interai, 
we  are  capable  of  producing  a  higher  degree  of  accommodation  than 
is  attainable  by  parallel  lines,  proves  only  that  the  muscular  action  of 
accommodation  and  the  oontiactbn  of  the  musculi  recti  intend  aie 
associated :  we  can  by  no  means  thence  infer  that  the  musculi  xecta 
inteim  have  a  direct  influence  npon  the  accommodation.  That  they 
do  not  possess  this,  I  learned  fiom  oases  where  the  musculus  rectus 
intemus  was  completely  paralysed,  and  the  accommodation  neverthe- 
less had  its  normal  range.  The  same  might  already  have  been  in- 
ferred from  the  fact,  that  when  the  near  object  tixed  u})on  lies  to  the 
side,  the  rectus  intemus  in  one  eye  is  not  active^  and,  nevertheless, 
acoommodatiou  for  near  objects  in  this  case  equally  takes  phice* 
Many  instances  further  occur,  where  the  accommodation  is  wholly 
destroyed  by  paralysis^  without  the  external  muscles  of  the  eye  being 
in  the  least  impeded  in  their  action;  and,  finallj,  some  cases  are  on 
record  of  paralysb  of  all,  or  of  nearly  all,  the  muscles  of  the  eye,  and 
of  deficiency  of  the  same,  without  diminution  of  the  power  of  accom- 
modation. We  hence  conclude  that  tlie  external  muscles  of  the  eyo 
exercise  no  direct  influence  on  accommodation. 

The  contractile  elements,  which  produce  the  accommodation,  must 
consequently  be  situated  exduaivelj  in  the  eye.  Now  we  are  ao- 
quainted,  in  the  eye  of  the  m>minft1i'«y  solely  with  unstriped  muscular 
fibres  or  fibre*oellsi!s  there  are  no  striped  muscnlBr  fibres  or 
IhseiculL  These  last,  howeyer,  replace  the  former  in  the  eye  of 
birds,  and  therefore  we  may  attribute  to  the  unstriped  muscular  fibres 
the  same  signification  and  the  same  Toluntaiy  action.  Indeed  it  is 
as  little  strange  that  fibre-cells  should  here  be  subject  to  the  will  as 
that  the  strii>ed  fibres  of  the  heart  should  be  withdrawn  from  it. 
ruithermoie,  if  we  consider  that  Cramer  saw  accommodation  for 
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BBtf  ofajeeto  Bupgieue  on  galwuo  imtatiQii  of  tlie  ejre  of  various 
nimab^  deprif^d  of  its  external  muscles,  and  that  paralysis  of 

the  iris  and  paralysis  of  attuuiniodatioii  aliiiu^t  always  go  hand  in 
hand,  there  Gin  he  no  doubt  that  internal  muscular  elements, 
under  the  control  of  the  ciliary  nerves^  by  their  coutraction  produce 
the  accommodatiou. 

Now  tlie  musciilnr  elementB  known  to  exist  in  the  eje  of  ihe 
mmmalia  are  (Fig.  9) : — 

1.  The  mnscolar  fibres  of  ihe  iris.  The  circular  fibres  (sphincter 
papiOs  ^)  are  easily  seen  and  iBokted^  most  easily  in  white  ;»bbit8 
ornte. 

Independent  radiating  fasciculi  of  fibres  are  less  easily  demonstrated. 
The  Viiscular  trunks  which  Hkewise  have  a  radiating  (hrcction, 
pa^^soss  a  distinct  muscular  layer;  and  it  is  irrnerally  ihfficult  to 
pn>ve  that  the  fibrous  bundles  found  do  not  belong  to  tlie  vessels. 
However,  most  anatomists  think  that  they  have  satisfied  themselves 
as  to  their  presence.  In  this  I  never  completely  succeeded.  More- 
over, it  is  difficult  to  explain  dilatation  of  the  pupil  from  atropia,  in 
cases  of  paialysis  of  the  sphincter  pnpilke  (whether  the  result  of 
disease  or  of  dirision  of  the  ocnlo-motor  nerve)^  without  sflsuming 
the  existence  of  radiating  fibres.  But  even  admitting  the  presence  of 
radiating  muscular  libres,  I  consider  the  explanation  to  be  unsatisfac- 
tory, as  it  makes  it  necessary  to  assume  that  the  same  substance  which 
stimulates  them  should  pandyse  the  circular  fibres. — I  have  shown 
vith  certainty  irom  experiments  on  white  rabbitsi^'^  that  the  blood- 
vcskIs  of  the  iris,  on  urritation  of  the  sympathetic  nerve  in  the  neck, 
become  narrower  while  the  pupU  dilates.  As  to  the  connexion  be- 
tween these  two  phenomena^  I  do  not  venture  to  give  an  opinion. 

2.  The  ciliary  muade. 

That  the  organ  formeriy  known  under  the  name  of  ciliary  liga- 
ment is  of  a  muscular  nature,  has  been  proved,  independently  of  one 
another,  by  my  estt^med  friends  Bowman  and  Bruecke.  Tlic  fibres 
arise  in  great  part  from  the  outer  layers  ^  of  vitreous  fibres,  in  which 
the  membrana  Desccmetii  (D)  subdivides,  while  the  innermost  layers  of 
these  fibres  spread  as  1  igamentum  pectinatum  on  the  iris.  The  muscular 
fibres  fonn  fasciculi,  of  which  the  most  external,  connected  in  long 
extended  networks,  run  backwards  parallei  to  the  upper  surface  of 
file  sderatic  (S)  and  pass  into  the  several  laminae  of  the  choroid  (C). 
iotemallj^  the  meshes  of  the  nets  become  gradually  shorter,  and 

•  Compare  Kiiypur,    c.  |).  19.  • 
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finallj,  mostly  spiead  oat  in  a  cucular  diiectioD^  so  that  the 

here  acquire  xather  a  circiilar  than  an  anteio-poBterior  diiectum. 

fig.  9. 


This  innermost  portion  of  tlie  ciliary  muscle  is  connected  with  the 
choroidal  tissue  in  the  pkce  where  the  corpus  ciliare  (P)  passes  from 
without  inwards.  If  we  cut  out  a  piece  of  the  conjoined  memhianea^ 
and  with  a  pincers^seize  the  whole  breadth  of  the  portion  of  the  iris 
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near  its  insertion  and  tear  it  off,  the  innermost  part  ^'^^  of  the  ciliary 
muscle  remains  attached  to  the  outer  surface  of  the  ciliary  process, 
while  the  most  external  portaon^^^  coutinaes  l^ing  on  the  sclerotic 
and  oonnected  ^^th  the  extreme  outer  layers  of  the  choroid,  whidi 
are  not  torn  ofL   We  can  thus  divide  the  muscle  into  two  parts,  as 
Is  deacribed  in  von  Beeken's  disaertatbn.*  The  networks  of  the 
fiwaddi  of  the  innennost  portion  possess^  as  is  there  also  repreaented, 
a  more  cimdar  direction.   H.  MlUlert  has  subsequently  described 
these  as  a  separate  muscle.    He  has  the  merit  of  having  thereby 
directed  attention  to  this  innermost  part.  That  it  dot  s  nut,  however, 
deserve  to  be  considered  as  a  separate  muscle,  is  clearly  shown  by 
the  above-dfischbed  gradual  transition  from  the  one  direction  to  the 
other. 

3.  In  other  elements  also  of  the  eye  of  the  mammalia,  contractility 
has  been  suspected,  though  not  demonstrated.  Max.  Langenbeek 
has  aasomed  the  existence  of  a  muscnlus  compressor  lentis  inunedi- 
atdy  around  the  lens.  Others,  however,  have  not  succeeded  in  find- 
ing this.  Ailer  the  action  of  acetate  of  lead  and  acetio  acid,  the 
Zonula  Zinnii  (Fig.  9,  7)  ac(|uircs,  as  Nuhn  has  shown,  a  most  de- 
ceptive ap{)earancc,  as  if  it  j)ossessed  transversely  striped  primitive 
bandies ;  but  the  attempt  to  establish  the  existence  of  contractihty, 
or  of  other  reasons  for  assuming  the  presence  of  muscular  elements  in 
that  membrane,  has  not  been  sucoessfdL  In  the  choroid,  Schweigger 
has  found  oeUs  presenting  quite  the  appearance  of  gangliomo  oeUs, 
and  it  seems  tbit  thej  must  reallj  be  considered  as  such;  and 
Heimich  litlller  appears  inclined  to  attribute  oontractilify  to  the 
choroid.    Each  of  these  views  is,  however,  still  problematical. 

From  this  sketch  it  seems  most  probable,  that  no  contractile  ele- 
ments, except  those  of  the  iris  and  of  the  ciliary  muscle,  can  come  into 
play  in  iiccommodation.  Accordingly  Cramer  thought  that  the  change 
of  form  of  the  lens  might  be  explained  by  the  action  of  the  iris : 
simultaneous  contraction  of  the  circular  and  radiating  fibres  produc« 
ing  pressure  on  the  lens,  and  thua  giving  to  the  part  of  the  crystaUine 
conei^poDding  to  the  pupil  greater  convexity,  and  causing  it  to  pro- 
femds  through  the  pupil.  Eathology  has,  however,  shown  that  the 
iris  takes  no  direct  part  in  the  accommodation  of  the  lens.   It  may 

*  Ontlet  dkundig  underzoek  van  den  toestel  voor  aeconimodatie  van  het  oog, 
Utrecht,  IHoo. 

f  Archie  Jur  OjtJUhalinoliMfU'f  B,  iv.  p.  1. 
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be  adkeieiLt  to  the  cmm,  letving  Si  spsoe  between  the  iris  and  the 

lens ;  it  may  float  without  tension  in  the  aqueous  humour  (iridode- 
nosis) ;  it  may  be  in  part  removed  by  iridectomy ;  it  may  even  be 
wholly  abicnt,  without  the  power  of  accommodation  being  ]>erceptibly 
disturbed.  In  an  extremely  important  case,  where  the  whole  iris  was 
lemoved  by  operation,  von  Graefe^  recently  inatiiuted  an  aftmnitfr 
investigalaony  and  e^tabliahed  the  existence  of  the  langc  of  accomiBO- 
datioa  noimallj  eosae&gtaidmg  to  the  patieDti's  agp^  i^iile  the  ohange 
of  the  anterior  reflected  image  of  the  hm,  too,  inaeeomiiiodatuni  was 
admirahlj  seen.  Weaie  therafore  justified  in  denying  to  the  irn  any, 
or  almost  any,  infloenoe  on  the  change  of  form  of  the  crystalline  lens 
in  accommoilation,  and  in  estimating  the  contraction  of  the  j)upil,  iu 
*   accommodation  for  near  objects,  as  a  simply  associated  movement. 
It  therefore  remains  onlv  to  attri1)ute  to  the  musculus  ciliaris  the 
important  quality  of  accommodation-muscle.  Thus  far  we  have  arrived 
by  exclusion.    But  the  mechanism  whereby  the  oontnotioa  of  this 
little  muscle  alters  the  form  of  the  leas  is—to  however  small  a  oom* 
jiasB  the  question  may  now  seem  to  be  xednoed— not  yet  satis&ctoaly 
and  eonrincingly  brought  to  light.  The  aooampanying  changes  of  the 
eye  have  been  studied  with  great  aocursoy :  the  advanoe  of  the  sur- 
face of  the  ])upil  and  the  retrocession  of  the  periphery  of  the  iris,  in 
the  accomiiiudation  for  neiir  objects ;  the  light-phenomenon  (jj/ws^ 
j)/iene)  at  the  termination  of  thi.^  accommodation  (Czermak),  etc.;  but 
to  a  perfect  solution  we  have  not  attained.  I  shall  here  confine  myself 
to  a  short  statement  of  the  views  of  HelmlioltZ;  who  numbers  the 
most  adherents,  and  of  H.  Miiller.    Uelmholtz,  by  measurement 
during  life,  foond  the  lena^  in  anoommgdation  for  distance^  thinner 
than  it  occurs  in  the  dead  body.   It  is  said  that  this  may  depend  on 
elongation  of  the  lens  (Fig.  9  L),  through  toiaon  of  the  Zonula 
Zinnii     which  is  stated  to  be  present  during  life,  certainly  as  a 
result  of  the  pressure  of  the  vitreous  humour,    it  is  further  stated 
that  after  death,  when  the  pressure  ceases,  the  tension  may  diminish 
and  the  lens  consequently  become  thicker.  But  during  life  the  action 
of  the  ciliaiy  muscle  may  eiSoct  the  same.    It  is  evident  that  the 
ontermost  layers  of  the  dliaiy  muscle,  in  oontractin|^  most  cause 
the  origin  at  the  fibrous  layers    of  the  membrane  Desoemetii  and 
the  termination  at  the  choroid  (G),  both  of  which  are  ebstic,  to  ap- 
proach one  another.  According  to  thii^,  the  iris  (1)^  which  is  mediately 
eonneeted  with  the  anterior  part  of  the  ciliary  muscl^  recedes  in  sc- 

•  Archie  fur  Ophthalmologie,  B.  rii. 
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commodatiou  for  near  objects;  and,  on  the  contrary,  the  place  of 
insertion  in  the  choroid  will  advance  a  little  forwards.  Now  with 
this  the  origin  of  the  Zonula  Zinnii  is  connGeted ;  and  as,  there- 
fore, the  latter  at  the  same  time  advances,  its  tension  ceaaea, 
and  the  equator  of  the  lens  becomes  nnaUer,  the  leas  itaeif  beoomes 
thicker  in  the  middle^  and  its  two  tntftM  are  nodeied  nKne  oonvau 
Hdmhcits  anpposes  tiiat  to  tiiis  maj  be  added  a  prevnn  of  tiie 
ins,  whidi  may  make  the  eqnatorial  sorfooe  of  the  lena  azched  an^ 
tniorl  J,  and  thm  incmae  the  convexity  of  the  anterior  suzface  and 
diminish  that  of  the  posterior. 

H.  Miiller's  theory  is  based  upon  his  anatomical  investigations  of 
the  ciliar}^  muscle.  He  distinguishes,  as  we  have  seen,  a  circular 
muscle  capable  of  exercising  pressure  on  the  margin  of  the  lena,  and 
thoA  of  rendering  the  lens  thicker,  while  it  would  at  the  same  time 
draw  the  peripherj  of  the  iria  backwards.  Moreover,  he  attachea, 
with  Hdmholtz,  impcfftanoe  to  the  xehoation  of  the  Zonok  ZhuiiL 
Laslty,  he  aeea  in  the  action  of  the  moat  external  hjm  of  the 
ciliary  nniade  a  means  of  augmenting  the  pressure  of  the  vitreous 
humour,  of  pushing  the  lens  forwards,  of  diminishing  the  increased 
convexity  of  the  posterior  surface,  and,  by  the  resistance  of  the 
simultaneous  contraction  of  the  iris,  of  increasing  that  of  the  anterior 
surface. 

Against  these  two  theories  I  have  difficulties  which  I  shall  not 
further  develop.  It  would,  moreover,  be  easy  to  bring  forward  other 
hypotheaea,  hut  ftom  thia  too  I  ahall  refrain.  I  am  afraid  of  de- 
priving iStoB  work  of  the  character  I  deaixe,  above  all,  to  aee  attadied 
to  it,— the  charaeter  of  exact  acienoe. 


miE  TO  §  4. 

Qae  poiat  I  diaU  take  leave  to  lainark  upon  is,  tiiat  in  the  ease  of  ae^^ 
aaifidens  with  nornial  range  of  iooommodatioii»  described  by  von  Oraefci 
ia  aaeoounodatioB  for  near  objootSi  no  dispUeemeal  of  tbo  then  visible  ciliary 
process  was  observed |  that,  moreover.  Bottling  hi  mentioned  of  the  poiBi« 

bihty  of  a  direct  pressure  of  the  ciliary  muscle  on  the  margin  of  the  lens;  and, 
finally,  that  nothing  is  said  of  auy  diuiiuutiou  of  the  circumference  of  the 
lens,  although  the  increased  convexity  of  its  anterior  surface  is  proved  from 
the  reflooted  images.   On  former  oocftsioo*  1  have  alao  in  vain  endeavoured, 
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after  iridaetomy,  in  wbibh  tlio  maigm  of  the  Iflns  Imoum  ?iilble^  to  aatitiy 
myielf  of  the  diinmiitioii  of  tlio  dreomfiBnnoe  of  thf^lens  in  aeoommodatiop, 
in  near  olgoota.  Ihiis  it  lias  not  been  direotly  obaerved.  It  ie  evident 
tliat,  if  it  be  wanting,  with  tha  iaeraaae  in  thidkneea  in  tiie  oiiddle,  whioh 
haa  oertainly  been  witnessed,  attenuation  of  the  pezte  litQated  near  the 
e^oator  must  be  combined,  and  thus  the  curved  surfaces  would  obtain  such 
an  irregular  form,  that  it  becomes  difficult  to  explain  the  tolerably  accurate 
power  of  Tision  in  the  case  of  aniridesis  described  by  von  Graefe,  in  accom- 
modation also  for  near  objects.  What  we  must,  in  the  lirst  place,  therefore, 
endeavour  to  clear  up  is  the  question,  whether  the  circumference  of  the  lens, 
in  accommodation  for  near  objects,  becomes  perceptibly  smaller?  The 
answer  will  have  great  iniluenoe  on  our  further  considerations. 


§5.  BaNOE  of  ACCOMMOIkATIOlf. 

In  all  the  investigations  respecting  the  caut^e  and  mechanism  of 
accommodation,  observers  appear  not  to  have  thought  of  defining  the 
lange  of  acoommodatioa  under  various  dicumstances^  and  of  seeking 
a  simple  numerical  expieasion  for  the  same.  And  yet  the  necessity 
for  sach  existed  almost  still  more  for  the  oculist  than  for  the 
physiologist.  If  it  be  desired  to  investigate  the  accommodationi 
whether  in  reference  to  the  changes  observed  in  the  eye,  either  at 
different  periods  of  life,  or  with  respect  to  myopia,  hypermetropia, 
asthenopia,  strabismus,  paresis,  etc.,  it  is  evidently  necessary  to  liave 
an  easily  comparable  standard  of  its  magnitude  or  range. 

Had  the  necessity  been  felt,  it  would  not  have  been  difficult  to 
have  provided  for  it.  The  knowledge  alone  of  the  distance  E  from 
the  furthest  point  of  distinct  vision,  and  of  the  distance  P  from  the 
nearest,  is  sufEusient.   With  the  knowledge  of  these  distances  the 

range  of  accomjuodatiou  ^  may  be  found  by  a  very  simple  formula. 
The  formula  is* 

The  distances  P  and  R  may  be  calculated  from  the  nearest  point  p, 
and  from  the  farthest  point  r  of  distinct  vision  to  a  point  situated 
about  3"  behind  the  anterior  surface  of  the  cornea  in  the  eye,  colled 

•  Bngliah  writers  on  optics  wonld  say — 

A  "~  U  —  P' 

the  n^ative  sign  of  A  denoting  that  the  iena  is  oonvez.— 8.  U. 
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Fig.  10. 


the  anterior  nodal  point  k'.  The  latter  coincides  in  the  eye  nearly  with 
the  second  nodal  point  X',  hoth  of  which  may  therefore  here  he  con- 
sidered as  one  point.  This  point  corresponding  nearly  to  what  is 
termed  the  optical  centre,  ha5  a  very  important  signification;  the 
rays,  which  in  front  of  the  cornea  are  directed  to  the  node,  in 
the  vitieoiis  humour  continue  parallel  to  their  primitiTe  diiectioii» 
and  ako  nearly  eiactly  directed  to  the  same  point; 
these  raja  may  therefore  be  conadered  not  to  have 
been  refracted.  Hiis  is  represented  in  the  sub- 
joined figure  10. 

'riic  ray  t  Ic  y  proceeding  from  the  point 
continues  as  k'  j\  and  since  all  the  rays,  which 
proceed  from  the  point  unite  in  one  point,  this 
must  occur  where  they  meet  conjointly  the  ray 
i'/.  Now  if  the  eye  be  sooommodatcd,  the  union 
takios  place  in  the  retina^  and  then  the  image  of 
the  point  •  lies  in/*  In  like  manner  the  image 
of  the  point  %  lies  in  both  being  situated  in 
tile  SODS  A  A'.  Therefore,  j  f  ia  the  image  of 
ity  and  it  immediately  appears  tliat  their  recipro- 
cal magnitudes  are  as  their  distances  from  the 
point  k'  where  the  rays  i  j  and  if  cross  one 
another.  If  we  express  the  distance  i  k'  by  g, 
and  the  distance/  k'  by  the  magnitudes  of  the 
ofaject  B  and  the  image  /3  are  to  one  another^  in 
die  aocnxately  accommodated  ej%  tia/io/. 

B  :  /i  »  y  :  /. 

In  the  normal  eye  /  is  abont  15  miUimMres. 
Therefore,  if  an  object  be  accurately  seen  at  15 
metres  distance,  the  retinid  image  is  1000  times 
smaller  than  the  object;  if  the  object  lies  at  1,5 
metres  (s  1500  mm.)  the  retinal  image  is 

^^g^  =  100  times  smaller.  Hence  it  clearly  ap- 
pears^ how  important  the  posterior  nodal  point 
(KnoAenponkt)  iTis.  If  we  connect  the  conespond- 
ing  points  of  the  object  and  image  by  right  lines 
with  one  another,  these  aU,  just  as  if,  pass  through 
the  {)oint  /•',  and  they  are  therefore  railed  lines  of  direction;  the pos- 
ierior  nodal  point  k'  is  coiueguentij/  the  point  of  dccumUion  of  the 
Hmcs  of  direction. 
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Fig.  11. 


Hie  meuung  of  the  lomiik  lor  tlie  range  of  aooommodatian — 

111 

A  ~  P  R 

is  easily  understood.     In  tKis  formula,  A  is  the  focal  length 

of  a  lens,  which  gives  a  direction  to  the  rays 
from  the  nearest  point  of  distinct  vision  p,  as  if 
ihej  came  from  the  farthest  point  r.    The  siiib- 
joined  figure  (11)  illiutrates  this.  The  eje  in 
the  Condon  of  rest  is  aooommodated  for  the 
dJatanoe  r  i^'  =  B;  in  the  strongest  tenskm  of 
accommodation  for  the  distance  p  k'  zs'P,  In 
the  former  case  the  rays  diverging  from  r  are 
uniti'd  on  the  retina,  in  the  latter  those  divei^- 
ing  from  p.    In  accommodation  the  eye  must 
therefore  be  so  altered  that  the  rays  proceed- 
ing from  p,  in  the  vitreons  hnmoor  aoqiine  » 
direotioii  eqnal  to  that  of  the  rays  prooeediii|p 
from  r  in  the  non-aooommodated  eye.  This  csn 
he  effected  by  placing  an  auxiliary  lens  in  k%  and 
we  may  thns  imagine  the  eye  away,  and  suppose 
that  the  auxiliary  lens  in  /'  is  in  the  air.  Tho 
lens  now  represents  the  accommodation  of  the 
eye,  and  its  power  the  range  of  accommodation. 
Its  focal  distance  A  is  found  by  the  formula 
mentioned: 

L  _  i  -  L 

P  A 

Consequently  A  is  the  focal  distance  of  the 
auxiliary  lens,  of  which  the  eye  avails  itself  in 
accommodation,  and  as  the  power  of  a  lens  is 

inyersely  proporti6nal  to  its  focal  distance^  ^  or 

1  :  A  expresses  the  rai^e  of  accommodation. 
It  is  convenient  to  represent  the  value  of  A  in 
Parisian  inches^  espedally  as  the  focal  distance 
of  lenses  ia  nsoaUy  stated  in  the  same,  and  this 
applies  also  more  partieahaly  to  speetades.* 
I  may  be  allowed  to  illnstrate  the  calcula- 
tion of  the  range  of  accommodation  by  a  couple  of  examples. 

*  In  the  bozM  of  Olaiset,  propsnd  by  Ptots  and  Flobr,  of  Borlio,  for 
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Iiot  the  dutenee  P  of  the  netvest  point  »  4%  thit  of  the  fiutheit 
potnl  of  dialiiiet  viaoB  IBL  ^  1%%  then  the  mige  of  aooommodation 

win  be— 

1  _  1  ^  1 

4  12  6 

If  the  farthest  point  lies  at  an  infinite  distance,  K  =  30^  the 
neTest  punt  at     the  range  of  aocommodaiion  will  be — 

1  _  2=1. 

5  00  6* 

In  the  first  case,  the  range  of  acoonunodation  is  represented  by  an 
auifliarylena  of  ox,  in  the  hitter  hj  one  of  five  Paiiaan  inches.  The 
ame  form  ci  eqnesnon  I  now  apply  to  all  lenses.  The  power  may 
always  be  regarded  as  inraselj  proportional  to  the  focal  distance 

and  therefore  find  its  expression  in  1 :  F.  If  the  focal  distance  be 
n^ative,  it  becomes  — Glasses  of  n,  of— g,  &c.,  therefore  mean 
glass's  of  ten  Parisian  inches  positive,  eight  Parisian  inches  negative 
focal  distance,  &c.  We  shall  subsequently  sec  that  the  degrees  of 
aDomalies  of  refraction  maj  be  expressed  in  a  similar  mode,  and  that 
it  is  thereby  at  the  same  tone  shown,  bj  what  glasses  thej  may  be 
'in  ^1  tiahmd. 

We  have  above  seen  that  the  range  of  aooommodation  is  contained 
in  the  fonnnla 

1  =  1-1. 
A      P  K 

Therefore  it  is  neressarv'  to  possess  a  simple  method  of  determining 
the  points  p  and  r  with  su&cicnt  accuracy  for  practical  purposes. 
The  determination  of  r  is  accomplished  with  a  nearly  parallel  state  of 
the  linea  of  vision,  that  is,  by  fixing  with  both  eyes  an  object  at  least 
6  metres  distant.  We  Imow,  namely,  that  when  the  liiiea  of  vision 
oonveige,  accommodation  necessanly  takes  places  and  that  conse- 
quently  the  true  furthest  point  in  total  rdazation  of  aooommodation 
cannot  tfans  be  fonnd.  As  an  object  we  may  use  gronps  of  vertical 
black  lines,  each  Une  2  J  millimetres  thick  and  10  millimetres  from  one 
another,  and  examine  whether  they  can  at  the  distance  of  five  metres 
bo  seen  with  perfect  accuracy  with  the  naked  eye,  or  whether  the 
shaipness  of  the  object  can  be  increased  by  glasses.   If  no  impiove- 

oculiats,  they  arc  defined  in  Prussian  inches,  which  are  less  than  Parisian 
inches.  In  £ngland,  English  inches  are  employed,  one  English  inch  being 
equal  to  aboot  0*M  Parisian  iooh,  sod  differing  but  Uttle  firom  theftoMiaa. 
In  praetiee  a  rsdnotba  will  rarely  be  aseesiafy. 
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Fig.  13. 


ment  is  attemable  by  glasses,  r  lies  at  least  5  metres  distant^  wbidi 

may  bere  be  equally  lepiesented  by  an  infinite 

distance  oo.  Where  nearsightedness  exists,  con- 
cave glasses,  with  negative  focal  distance,  are 
required  to  obtain  perfect  accuracy :  in  tliis 
case  we  detennine  what  is  the  weakest  glass  of 
this  nature  with  which  the  sharpest  possible 
vision  is  obtained.  In  the  determination  the 
distance  of  the  farthest  point  is  ascertained ;  thus 
when  parallel  rays  (Fig.  12)^  a  h  and  d  h\  derived 
from  a  distant  object,  faD  on  a  concave  lens 
they  are,  after  refraction,  divergent,  as  <?  and 
c  fly  and  appear  now  to  be  derived  from  the 
point  <;^>'.  The  distance  /  is  the  negative  focal 
distance  Y  of  the  lens  L  If  we  now  designate 
the  distance  /  k'  by  x,  it  is  clear  that  the  point 
for  which  the  nearsighted  eye  is  accommo- 
dated with  parallel  lines  of  vision,  is  at  the  dis- 
tance F  4-  from  the  point  kt.  Conseqnently, 
B  =  V  +  d?.  Let  ns  illustnte  this  by  an  ex- 
ample. A  neiirsightcd  eye,  to  see  accurately  at  a 
distance,  needs  a  glass  of  15  Parisian  inches 
negative  focal  distance  (F  =  15),  placed  at  a 
quarter  of  an  inch  in  front  of  the  cornea,  that 
isy  half  an  inch  before  the  nodal  point  in  the 
eye  (x  =  then  &  s  f  +  =  16^  Pansian 
inches. 

In  place  of  the  above-mentioned  black  lines  we 
may^  in  the  determination,  make  use  of  definite 

letters  or  numbers,  whereby,  by  causing  them  to 
be  named,  we  may  obtain  still  more  objective  cer- 
tainty with  wliat  glass  they  are  accurately  seen. 
A  sharp-sighted  eye  recognises  letters  such  as  the 
subjoined  in  good  light — (Fig.  13^ — at  a 
distance  of  about  20  feet.  In  Dr.  Snellen's  sys- 
tem of  test-types,  each  number  corresponds  to 
the  number  of  feet  at  which  a  sharp-sighted  eye 
distinguiflhes  them.  The  foUowing  letters  (Fig. 
13)  correspond,  therefore,  to  No.  XX.  of  Snellen. 
They  are  the  lowest  iu  the  Table  appended  to  this  work,  in  which 
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also  XXX,  XL,  LX,  LXXX,  C,  and  CC  occur.  Tor  practical 
purposes,  these  experiments  with  vertical  lines  and  letters  afford 

Fig.  13. 

qnale  non 

Hi  dia  una 

a  sufficiently  accurate  result.  If  a  very  exact  determination  be  re- 
qiured,  we  must  employ  a  little  point  of  light,  which  changes  form 
on  the  slightest  alteration  of  accommodation.  This  shall  be  more 
fully  explained  in  treating  of  astigmatism. 

The  determination  of  the  nearest  point  is  effected  by  means  of  a 
wire  optometer.  This  consists  of  a  little  frame  (Fig.  14  A),  of  the 
size  represented  in  the  figure,  in  which  some  fine  black  wires  are  ver- 
tically extended,  and  \t herewith  a  measure,  B,  capable  of  being  rolled 
up,  is  connected,  the  scale  commencing  at  the  frame,  and  the  bobbin  e 
being  applied  to  the  temple,  on  a  line  with  the  anterior  surface  of  the 
cornea.  This  bobbin  is,  by  moving  the  frame  out  from  the  eye,  un- 
wound until  the  vertical  wires  are  seen  with  perfect  accuracy.  It  is, 
indeed,  possible  to  determine  by  means  of  such  wires  with  sufficient 
accuracy  whether  they  are  exactly  seen,  as  by  a  slight  deviation  the  mar- 
gins lose  their  sharp  outlines,  and  more  of  these  lines  appear.  The 
persons  examined  for  the  most  part  state  this  very  easily.  The  reading 
of  print,  capable  of  being  distinguished  at  given  distances  in  due  ac- 
commodation and  by  a  sharp  eye,  may  be  used  to  control  the  result. 

Most  optometers  are  based  upon  the  principle  of  the  well-known 
experiment  of  Scheiner :  through  two  openings  or  slits,  placed  closer 
to  one  another  than  the  diameter  of  the  pupil,  the  object,  for 
example  a  wire,  is  seen,  and  this  appears  double  if  the  eye  is  not 
accurately  adjusted  to  this  dii^tance.    If  we  now  cause  any  one  to 
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look  into  such  an  optometer  and  to  determine  when  he  sees  the  vrire 


Fig.  14. 


single,  we  shall  in  general  obtain  a  distance  to  which  the  person 
easily  accommodates  his  vision,  but  this  distance  will  not  correspond 
to  either  the  nearest  or  the  farthest  point.  This  is  looked  upon  as 
tke  mean  distance  of  disftnct  vision.  But  to  this  we  must  not  attach 
too  much  importance,  for  sack  a  mean  distance  does  not  exist,  or  at 
least  it  has  a  ray  wide  range;  this  appears  when  a  number  of 
detenninations  are  made,  for  example  with  Stampfei^s  optometer: 
the  same  person  never  obtains,  even  nnder  the  same  drcnmstances, 
similar  results,  and  where  circumstances  differ,  the  results  vary  very 
uiuih.  Only  Avlu  n  a  person  has  learned  to  control  his  power  of 
accommodation,  and  can  voluntarilv  brinsr  it  into  the  condition  of  the 
highest  action  and  of  perfect  relaxation,  can  wi;  with  such  optometers 
successively  determine  his  farthest  and  his  nearest  point  ol  distinct 
vision.  But  such  vQlmitaij  control  of  the  power  of  accommodatioii 
is  acquired  only  by  great  practice.  Qrdinaij  individoals  accom- 
modate for  their  farthest  pcnnt  only  when  ihey  actually  look  at  a 
distant  object,  and  for  their  nesiest  only  when  they  very  distmctly  see 
an  object  approaching',  whose  diminishing  distance  they  meanwhile 
observe  and  follow  in  their  imuginalion.  Then,  by  tlie  effort  actually  to 
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Fig.  15. 


see  the  object  distincilj  as  long  as  possible,  the  greatest  possible  teDsion 
^ji  the  power  of  accommodation  is  ezdted.  Sueh 
aa  mp^oadiuig  object  is  tbe  iiame  above  de* 
Mibed^  while  in  the  optometer^  the  distance  of 
the  object  not  being  known^  no  stimnhis  to 
k'usion  is  created. 

If  greater  n(  c  uracy  be  desired,  as  in  observa- 
tions intended  for  the  solution  of  scientilic 
questions,  it  is  advisable  to  employ  another  in- 
slnunent^  which  shall  be  described  in  treating  of 
the  rdative  range  of  acoommodation. 

Hie  partial  dependence  of  accommodation  on 
the  conrei^enoe  of  the  lines  of  vision  has  already 
been  alhided  to.  In  the  determination  of  the 
nearest  point  this  should  be  borne  in  mind. 
Theoreticallv  we  should,  in  order  to  be  able  to 
institute  a  comparison,  always  determine  the  near- 
est point  at  the  same  angle  of  convergence,  as  the 
farthest  point  is  examined  with  parallel  lines  of 
vision.  This  wonldj  however^  be  attended  with 
great  practical  difficnlties,  and^  as  I  shall  hereafter 
show,  would  moreover  lead  to  wholly  incorrect  re- 
sults. The  only  thing  required  in  this  respect  is, 
ibat  in  all  the  cases  where  the  nearest  point  lies 
farther  from  the  eye  than  8',  the  determination 
iihould  be  made  with  the  use  of  such  convex 
glasses,  that  the  nearest  point  should  be  brought 
to  aboat  8'  from  the  eye.  It  will  then  be  neces- 
saiy  to  calculate  at  what  distance  tbe  eye  should 
have  been  brought  into  this  state  of  accommo- 
dation without  the  use  of  the  convex  glasses. 
The  calculation  is  not  attended  with  any  diffi- 
culty : — Let  X  be  the  distance  of  tbe  convex 
lens  /  (Fig.  15)  from  £ :  F  the  focal  distance  of 
the  convex  lens,*F'  the  distance  from  jo'  to  /. 
The  rays  proceeding  from  p  when  refracted 
through  the  lens  /  /,  assume  a  direction  as  if 
they  came  from  p.  The  eye  is  therefore  accommodated  not  for  j/  but 
for  p.  The  distance  P'  from  the  pomt  to  the  lens  is  now  found 
by  the  simple  formula :— • 
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1.  _  1  1 
P'  P' 

The  distance  P  of  tlic  nearest  point  is  =  P  -|-  s-. — An  example 
will  illustrate  this.  With  a  lens  of  12'  focal  distance  (F  =  12),  rc» 
moved  ^  from  It  (•r  =  |)  the  point  p,  situated  7^'  from  the  leiu^  is 
aocuntdj  seeiu   We  therefore  find  the  diatanoe  F  tarn 

•    1  _  1  ^  1 

7J     12  20 
to  be  20'  from  the  eye,  and  P  is  tliorofore  =20*5  inches. 

Lastly,  I  would  here  state  a  method  of  expressing  the  ranges  of 
aceommodatiom  by  the  lengths  of  lines,  which  exhibits  at  the  same 
time  the  commencement  and  termination  of  the  range  of  accommo- 
dation^  that  is  the  neaiest  and  farthest  points  of  distinct  vision. 
Above  paraUel  lines,  ritnated  at  equal  distances  from  each  other 
(Fig.  16),  let  nnmbers  be  pkoed,  expressmg  the  distances  of  disdnct 


Fig.  16. 
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vision,  and  in  such  an  order,  that  the  distance  between  two  lines  may 
everywhere  represent  an  equal  range  of  accommodation,  for  ex- 
ample        It  is  evident  that  in  Eig.  16  the  HifiSerences  of  the 

distances  from  line  to  line  always  amounts  to  ^  of  the  range  of 

accommodation ;  this  is  true  from  oc  to  24,  from  24  to  12,  from  12 
to  8,  &c. ;  for 


Digitized  by  Gopgle 


ILLUSTRATIVE  CASES. 


37 


1 

L 

1 

X 

OA. 

OA 

1 

1 

1 

12 

24 

1 

1 

1 

8 

12 

etc. 

A  «ingle  horisBODtal  line  now  immecjiatdy  shows  the  extent  and 
Huge  of  aooommodation.   In  fig.  16  thiee  sudi  lines  occar.*' 

L  lepresents  a  petson  whose  ftrthest  point  of  distinct  vision  lies 
ft  an  in^te  distance,  his  nearest  point  at  4'.  His  range  of  accom* 
modatiou  is 

1      1  ^  1 

and  is  expressed  by  six  liaes  distance,  each  of  ^  of  this  range  of 

Mscommodation.  con^quenUy 

n.  lias  likewise  his  &rthest  pcnnt  at  an  infinite  distance^  his  nearest 

at  0  iuches.    His  range  of  accommodation  is 

J  -  4  =  J,  expwMed  by  1. 

ILL  has  his  farthest  point  at  6  inches  (he  is  therefore  near-sighted) 
his  nearest  at  3  inches.   His  range  of  accommodation  is 

1  _  1  _  1. 

8  6~6' 
conesponding  to  foor  lines  distance 

_  1. 

"  24  b 

It  need  not  be  demonstrated  how  easily  observations  may  in 
this  manner  be  registered.  We  shall  hereafter  have  much  occasion 
to  employ  this  method  •'n  exhibiting  in  print  the  several  anomalies  of 
le&Bction  and  aocommodatbn. 
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NOTE  TO  TUK  FIRST  CHAPTER. 
PIEST  PART. 

DiopiBics  01  xa£  £tb. 

I.  Literature. 

In  order  to  give  an  idea  of  tlio  necessity  of  oocommodation,  the  eye 
Bas  biAferto  been  regarded  as  a  aimpla  lens,  \vitli  a  positive  foooa.  Thla 
Kas  been,  so  far,  Buffloient  for  our  purpose.    But  if  we  wish  to  go  more 
deeply  into  many  questions  relating  to  the  refraction  and  accommodation  of 
the  eye,  we  shall  require  more  accurate  knowledge  of  the  dioptric  system  of 
the  organ.    This  knowledge  is  a  necessity,  to  enable  us  to  form  an  idea 
what  range  of  accommodation  is  obtained  by  detinite  changes  of  the  crystal- 
line lens,  and  how  each  range  of  accommodation  may  bo  expressed  by  an 
imagiuary  leus,  applied  to  the  eye.    It  will  hereafter  be  serviceable  to  us  in 
the  right  understanding  of  many  other  questions. 

I  ahall  thereforo  endeavour,  in  a  simple  manner,  to  give  a  satitfiiotory 
deieription  of  the  dioptric  system  of  the  ejra.  Those  who  are  not  deterred 
by  the^higher  mafhematiesi  may  oonsult  Moser  (Doto's  S^gp^rtarium  der 
PAynH),  who  has  applied  to  the  eye  the  theoretioal  investSgaiions  of  fiosael 
(Aatronomische  NachrichUn,  xviii^  No.  415),  and  Listing,  who,  in  bis 
Dioptrik  dea  Auges  (Wagner's  Ilamhrortcrhuch  der  PhysiologtCy  Bd.  IV., 
p.  461)  has  followed  the  mode  adopted  by  Gauss  {Dhptrische  Unt^rsuchun^ 
ffertf  Gottingen,  1841);  lastly,  Hclmholtz,  who  in  his  Phifshlogische  Optik. 
(Karstcn's  Allgemeine  Jlnnjloptcdie  dtr  J'/u/siA;  ptc  j^icf.  Uipzig.  1858), 
has,  together  with  thorough  explanation,  made  the  whole  theory  more 
generally  accessible. 

IL  Mefhicting  turfiiee$  in  the  Eye* 

In  the  eye  three  refracting  surfaces  aib  to  be  distinguished,  whose  ourrar> 
tares  may  be  assumed  to  be  spherical. 

1.  The  anterior  surface  of  the  cornea,  approaching  to  an  ellipsoid,  with 
the  apex  in  the  middlu  of  the  cornea.  The  radius  at  the  apex,  which  definea 
the  focal  distance,  amounts  on  an  average  to  something  less  than  8  milli- 
mi^trcs.  The  slight  thiokness  of  the  cornea,  and  iae  almost  perfect  paral- 
lelism of  the  outer  aipd  inner  enrfaoes,  together  with  the  slight  difference  in 
lefiraottng  power  of  the  ooniea  and  aqueoua  humour,  justify  us  in  eon- 
aidering  the  syatem  as  if  the  aqueous  humour  extended  to  the  anterior 
anrfiue  of  the  oomea.  For  the  oomea  and  aqueous  humour  we  have  there-  i 
foio  to  assume  only  one  refracting  aurfaoe  of  nearly  8  milUm^trea  radius 

of  ourvatore,  and  with  a  relraoting  proportion  of  l*3j)6is^  found  hy  Sir  David 
Brewster  for  the  aqueous  humour. 

2.  The  anterior  surface  of  the  lens,  3*6  millimi^tres  from  the  anterior  sur- 
face of  the  cornea,  with  a  radius  of  about  10  millimetres.  In  accommoda- 
tion for  near  objeots,  this  surface  approaches  to  about  3-2  millimc^tm  from 
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tte  tateriar  lurface  of  the  oomea,  and  dimioishes  in  radint  to  about  0 

3.  I%tp0iUru>r  mnfaiu  ^ih«  km  (or  the  anterior  tnrfiMe  of  tho  Titrsona 
luBonr),  7*2  millimHna  firom  the  anterior  mrfaoe  of  the  oomea,  and  with  a 
xadios  of  6  miUimfttreodiiruig  aoootnmodation  for  diitaaoe,  of  6*5  millimitrea 
"when  looking  at  near  oljects. 

The  leas  i%  howerer,  no  homogeneous  mass,  but  consists  of  layers  of 
re^^tive  pover,  increaaing  towards  the  centre.   In  the  lens  itself,  there- 
fore, innnmerable  refractions  take  place  from  layer  to  layer,  which  cannot, 
nevertheless,  be  separately  traced.    Consequently,  we  cannot  roj^ard  the  lens 
otherwise  than  as  formed  of  a  homogeneous  substance,  and  the  question  then 
is,  what  index  of  refraction  wo  ought  to  ascribe  to  this  Bubstance.  For 
a  lon^  time  physiologists  assumed  an  index,  the  mean  of  that  of  the 
nadeus  and  that  of  the  periphery,  notwitlistanding  that  Voung  (On  the 
the  Eye,  in  the  Philotopkical  TranaactioM  for  1801,  toL 
ZflS.,  and  in  the  JftteelZiHieoiM  Worka  of  the  laU  ThomoM  Youngs 
edited  by  O.  Peaooek;  London,  1355,  yoL  i.,  pp.  23  and  29)  had  already 
■hown  that,  in  eonaeqnenoe  of  the  laminated  atmotnie  of  the  lena,  with 
refraetlYe  power  inereaaing  towarda  the  eentre,  an  index  mnst  he  adopted, 
greater  eren  than  that  of  the  nucleus.   Subsequently,  the  same  was  observed 
by  Senff  {sec  Tolkmann's  article  Sehen  in  Wagner's  Ilandworterhuch  fur 
Physiologies  Bd.  IIL,  Abth.  l),to  whom  tlio  honour  of  having  first  made  the 
observation  is  in  general  incorrectly  ascribed.    The  subject  is  one  of  im- 
portance ;  for  it  is  only  by  taking  this  higher  index  of  refraction  into  account 
that  we  get  rid  of  the  paradoxical  result,  that  in  a  well-formed  eye  parallel 
incident  rays  should  be  brought  to  a  focus  behind  the  retina.    The  co- 
efficient of  refraction  is  now  tL\ed  by  Listing  at  l'4o5. 

As  a  conclusion  from  these  considerations,  we  may  repeat,  that  in  the 
dioptric  system  of  the  eye  three  refraoting  surfaces  are  to  be  distinguished. 

1.  The  anterior  rarfaee  of  the  oomea. 

2.  The  anterior  inrliMM  of  the  lena. 

3.  The  anterior  anrfaoe  of  the  Titreona  hnmonr. 

The  index  of  refiaetion  of  the  Titreona  humour  differs  ao  little  from  that 
of  the  a9iieona  hnmonr  that  we  mLy  eonaider  it  aa  equal  to  it. 

m.  Cardinal  PobUM.-^Their  O^eet. 

In  a  compound  dioptric  system  we  can  successively  follow  the  refraction 
in  the  different  snrfaeesy  eaoh  time  detennining  firam  or  towarda  what 
point  originally  parallel  rays  oonvcrgc.  Thns  we  find,  lastly,  the  aitnation 
of  the  Ibeal  poiot  after  the  last  refraction.  But  in  order  also  to  determine 
the  point  of  union  of  raye  fidling  upon  the  firat  surfiaoe  under  difllbrent 
degnes  of  eonveigence  or  divergence,  and  to  find  the  magnitude  of  the 
dioptric  imagee,  a  separate  calculation  would  be  necessary  for  each  case. 

For  this  porpoee  a  particular  method  has  been  adopted*  Optical  mathe- 
maticians seek,  namely,  for  a  given  system  of  refracting  surfaces,  oertain 
fixed  points,  called  cardinal  pm'nfs  ;  and  the  knowledge  of  these  is  snffieiont 
to  enable  us  to  construct  and  calculate  the  situation  and  size  of  the  images  of 
given  objects.   Tho  conditions  ore : — Ist,  that  the  system  be  centred,  that  is. 


Digitized  by  Coogle 


40 


DIOPTRICS  OF  THE  EYE. 


that  the  eentres  of  earratctre  of  all  the  refracting  surfaces  lie  in  a  rigl 
line,  the  axis  of  the  system  :  2ndly,  that  the  rays  intersect  the  axis  at  anlj 
■mall  angles.    The  first  condition  appears  to  be  amply  fulfilled  by 
ttrocture  of  the  eye,  as  the  second  is  by  direct  rision,  that  is  by  lool 
nearly  in  the  direction  of  the  line  of  rision.  '  * 

The  situation  and  signification  of  the  cardinal  points  are  best  onderstood^lt 
by  studying  them  : — A  in  the  case  of  only  a  single  refracting  surface ;  B  f(Mr^ 
a  bioonrex  lens,  with  two  refracting  surfaces ;  C  for  a  combination  of  the8e>*<^ 
two  into  a  compound  system,  such  as  the  eye  is. 


rig.  17. 


ft 


A. — Ref&actioj  bt  a  Sphzrical  Sitblface. 

Cardinal  PoinU. 

In  Fig.  17,  let  1;  be  the  central  point  of  the 
spherical  surface  A,  on  which,  parallel  to  the  axis 
A  A%  rays  of  light  fall,  a  h  and  a'  h\  coming 
from  the  medium  with  index  m',  and  pacing  into 
the  medium  with  index  n*.  If  is  >  n\  the 
parallel  rays  unite  in  the  axis  nearly  in  a  point, 
the  posterior  focal  point  The  distance  h  ^" 
—  F'^  that  is,  the  posterior  focal  distance  is  found 


by  the  known  formula 


Ifl, 


wherein  p  the  radius  of  the  surface  of  curvature 
is  =  A  Jb. 

If  on  the  same  refracting  surface,  but  in  the 
direction  from  A'  to  -i,  rays  fall,  which  in  the 
medium  with  index  n"  run  parallel  to  the  axis 
(they  are  in  the  figure  represented  by  dots),  these 
also  unite  nearly  in  a  point  in  the  axis,  the  an- 
terior focal  point  f The  distance  A  ^'  <=  i^, 
called  the  anterior  focal  distance,  is  found  by  the 
formula, 

p   16. 

The  formulas  1  a  and  I  h  obtain  only  for  rays 
which  run  close  to  the  axis.  As  such  they  are  de- 
VL'  ducible  in  a  simple  mode. 

In  Fig.  1 8,  a  6  is  the  incident  ray  ;  h  the  point 
of  incidence ; 

hhr  the  normal  on  the  spherical  surface  at  the 
point  of  incidence ; 

h  f'  the  refracted  ray,  bent  towards  to  the  nor- 
4*  mal  hk ; 

ahv  is  the  angle  of  inddenee,  •  =  A j& A,  and 
thus  corresponding  to  arc  A  6 

f '  6  A  is  tlMMBb  of  refraction  S,  and  if  we  draw  h  parallel  to  6  we 
harr  Ih     -  ^^^^         *  >ndii\^  to  the  arc  •/  ?k: 


9L 
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UidfitAe  angle  of  d«¥iitioii,y»  A^-jS.  Fig.  18. 

relation  of  each  of  the  focal  diatanoea 
r-^and  A^'-jP,tothandtiiaAik-p 
t  now  to  be  foond* 

For  small  segmenta  hkd  and  h     b  may  be 
led  03  rectilineal  triangles.    They  are 
this  case  uniform  and  rectangolar  in  h, 
[nently 

k  h  :  ^"  h  =  €LTC  h  d  :  &tQ  h  b. 
p  :       =  a  —  ,3  :  a. 
Tor  small  sltcs  wu  may  substitute  the  sines, 
tfuia  alter  the  above  Jbcnmla  into 

Ttm.  the  law  of  xeftaetum  ia,  aa  ezperienoe 
thelbUowiiig: — 

Co'naeqiientij,  if  we  rahatitato  the  Talne  of 
Mi  •  in  onr  proportioni 

J*' :  p  •  II*  :  It*  —  It' 

The  relation  of  F'  to  F'  is,  moreover,  easily 
found.  The  ray  a'  b,  running  parallel  to  the 
axis  in  n,"  is  bent  from  the  normal  b  v,  and 
proceeds  as  b  By  this  deflection  the 
angle  of  refraction  v  6  =  beoomes  greater 
than  the  angle  of  inoidenoe  How- 
ofw,  the  kw  of  leCraotiali  aniat  heie  alao  \y 
ihid  ito  applieation,  and  thiia  the  propov- 
tkna  ranidn  the  Mme,  aa  immediatdy  ap- 
peaia  by  eonaidering  aa  the  inddent»  and 
5  a'  as  the  refracted  ray.  There  is  a  genenl 
law,  of  which  we  shall  hereafter  often  make 
his;  it  is  this:  if  a  nj,  proceeding  from  a 
point,  passes  through  an  optical  system,  in 

order  to  come  to  a  second  point,  a  ray  from  this  second  point  will,  vice  versd, 
be  able  to  reach  the  lirst  point,  only  by  following  precisely  the  same  route 
in  an  opposite  direction.  As  the  angles  of  deviation  are  proportional*  to  the 
angles  of  refraction,  we  here  obtain 

b^'  h:bf"  h=:vba:^"  bk, 
that  is,  for  small  angles, 

y  :  y  =  «  :  j3  =  It*  :  It'. 
Vcwas  i^:JP'  =  y:y, 

we  hate 


hoi, 


JP'  —   J*'  5  1  C» 

n 


n  —  n 


*  Because  thejr  are  Toy  amali,  and  therefore  proportional  to  their  nnea. 
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^—  If —It' 

P'=2!*  +  p  Ic^- 

If  we  regard  n'  as  unity,  we  obtain  n^,  the  symbol  of  the  relative  index  of 

lefnotioik  with  nspeot  to  the  air,  and  wo  obteia 

^      n"  -  1 
Thus  we  recogiuse /owr  cardinal  joints  Id  the  axis: — 

the  anterior  focus. 
A,  the  point  of  section  of  the  spherical  sorfaoe  with  the  aiia. 
the  centra  of  eurvatore* 
the  posterior  fbooa. 
From  the  diatancea  between  tfaeee  points  flow  the  following  Taloee - 

h  f the  anterior  fooal  dletuee  F*» 
h  f"^  the  posterior  fooal  distanoe 
We  farther  distinguish — 

k  ^'  as  0\  kf'^tB  Q", 
then:  =  i-*  +  p  =  J*'. .  2  6 

G'  =  0"  +  p  2d 

G"     r      n'  3^ 


y. — QfnJujfoU  foci  and  relation  hcttccen  magnituds  B  <^  thM  ob/tet,  and 
*  maffmkid§  fii  <if  the  image. 

Having  ascertained  these  values,  wo  can,  bj  a  simple  construction,  linJ 
both  the  oonjugate/oct  and  the  relation  between  the  magnitude  of  the  object 
and  that  of  the  image  3  :  fi. 
Let   (Fig.  19)  be  a  given  point  of  light ;  if  we  wish  to  And  its  image : 
From     proceeds :  1.  The  ray  ^  A  /»  whieh  bdog  directed  to  k 
ooinoidea  with  the  normal  of  the  rafraetiQg  sor&oe,  and  paaaea  thioagh 
nnrefraoted;  2.  the  wjfb,  which,  as  beuig  parallel  to  the  axil,  after 
refraction  passes  thrangh  f",  AU  the  rays  proceeding  from    unite  in  ono 
point.   Consequently,  where  two  rays,  proceeding  from  T,  cut  one  another,  is 
its  conjugate  foous.  This  point  is/,  and  /  is  therefore  the  imsge  of  the 
point  of  light  T. 

The  points  of  an  object,  which  lie  in  a  line  perpendicular  to  the  axis,  are 
also  in  the  image  situated  in  a  line  perpendicular  to  the  axis.  Consequently, 
the  image  of  the  point  of  light  i  is  in  J.  The  object  i  i'  =  B  will  therefore 
have  an  iraa_je  /3,  the  magnitude  of  which  is  jj. 
It  ia  of  importance  to  prove  this  last  propoeition.  From  the  point  of  light 
(Fig.  19),  proceed,  as  we  saw,  two  rays,  the  diraotion  of  whieh  we  know; 
the  ray  t"/,  and  the  ray   A     in  whose  poiat  of  interseotion  lies/  the  image 
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of  ^.  To  fliid  ibaa,  m  drmw  the  perpendieolsr  i <f  at  ft  point  of  theazii 
mMnAj  takfln*  pto^ided  oolj  thai  tho  peipondwnlar  out  tlio  two  fn^* 
mad  hj.  Wo  tlnis  oUun  two  ptin  of  ** 
nmibr  trimngles,  f^h  h  and     s  e,  and  ig^ 
ktf  and  k  s  d:  moreofor,  A  A  is=:  •  t\ 
Hw  nid  triangioa  giTO  na  now  tho  anb- 
jonad  proportioDa : — 

k  i  :  h  b  :=^%  8  I  s  d, 
coueqnently, 

We  see  that  «  c  will  be  a  a  i7,  if 
f  «     A  a 

Thii  iaerideiitlj  tlie  eaaa,if  tbe  point 
aiiTCflioTed  towaida/i  Ilie  aitaation 
of  tibe  pointy  ia  tlierefore  detemiined  by 

Oa  the  perpeadieolar  from  wo  have 
ic^M  df  and  here,  tlierefore,  the  laj 

IMusing  through  ^  crosses  that  passing 

throngh  This  is  the  oiso  for  every 
value  of  h  h  or  i  which  term  does  not 
occur  in  the  proportion.  P^very  point  of 
the  perpendicular  7  /*,  therefore,  has  its 
imac^eon  the  perpendicular  i  i'.  (i.  K.  JX 
lu  the  above  iigure,  • 

If  wo  now  oidl  tfaa  eonjagate  foeal  dia- 
taoeeey  meaaufed  fkom  A,  h  i:ssf  and 
hj^f,  and,  neaaored  from  A,  At 
and  kj = we  obtain,  in  plaoe  ol^ 

f^Jifk^kjiki,  ....A 
the  proportion 

aad  benee  directly 

Sf"  iy'  -  G')    -  G 
In  plaee  of  tbe  proportion  A  wo  nny  eqnal^  write 


r 
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ff^f       fF^^  F'  F'—f^F'^  F'F'  ^fF'-^  F^F'-^F'F' 

ff*  — /'  F"  —f"  F' 
f  {f—  F  )  m./'  F'  f(f'-F')m»/'F 

y  ' 

la  the  aame  fignze  we  iind  still  two  pairs  of  aimikr  tri&ngles, 

i    A;  and  k  j'  j 
and  A  h  0"  and  jf. 

Fig.  20.  Hence  we  have  two  pi*oportions,  expressing  the  rela- 

tion betwc^  the  magnitudes  of  object  and  image, 
namely, 

-  il;:  A;  t  Of /3:j9        :^  ....  (4  a 

and 

fj  i  tV  mirjifrhwPiS  jp* :  F^....  (45. 

The  fintis  applied  above,  in  Figure  10.  Of  the  eeoond 
we  ahall  henafter  make  mnch  nee. 


YI. — Application  to  the  Eye, 

AU  fhat  has  been  hronght  forwaid  is  applioable  to  thd 
refraction  of  the  rays  through  the  oomea.   If,  theie- 

fore,  the  crystalline  lens  bo  absent  (aphakia),  no  otim 
formolaa  than  those  aboye  given  need  be  used. 
The  principal  point  lies  on  the  anterior  surface  of  the  cor-> 

nea,  the  nodal  point  8  mm.  behind  its  apex.   The  radius 
of  the  cornea  boino;  8  mm.  (comptura  1  a  and  1  b)  we  find 
_        8  X  1-33G6       10  6928     ^,  ^ 

-  '1  -3366  - 1  =  -0-33G6  -  ^^"^  mniimfttres. 

jp  .  _  ^^^^       «     f  - . ,  s  23-692  miUimdtreo. 

1-3366  —  1       0  3360 

Herewith  are  also  given  G'  ^P*  and  &*  ^  P  (Cum- 
paie  2  a  and  2  d). 

The  above  Fignre  (20)  showa  the  eitaation  of  the 
eatdinal  points  in  sneh  an  eye. 

In  the  normal  eye,  refraction  through  a  biconvex  lena 
18  combined  herewith.  We  shall  now  investigate  the 
^filinfcl  points  of  sooh  a  lens. 


B.— XiEFRACTIO:?  lUnOUGH  A  BIOONVBX  LENS. 

Yil^lFiilA  (k6  exception  of  the  axit^,  0U  rmye  are 

refirtteled  in  a  lene. 

It  has  above  been  shown  how,  by  the  determination 
of  four  cardinal  points,  the  position,  as  well  as  the 
magnitude  of  the  dioptrio  images,  formed  by  a  single  retracting  surface. 
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may  be  constructed  and  calculated.  The  question  w,  whether  we  can  also, 
for  a  system  composed  of  various  refracting  surfaces,  find  such  points, 
and  whether  we  can  likewise  make  use  of  the  same  in  the  determination  of 
the  size  and  position  of  the  dioptric  images. 

In  the  eye  there  is  a  bioonyex  lens,  which,  just  as  eyery  lensi  has  two 
vefirieting  snrlkoes.  W«  ahaU  thenfoie  examine  the  qnei^oa  ipeaiaUj 
with  leapeet  to  a  bieoiiYex  leiii. 

Boea  m  lens  posseai  a  nodal  point  in  fhia  aenae,  that  all  laya  direeted 
tbeieto  peaa  thioo^  nnielreeted? 

A  lens  poaseaaea  aneh  a  point  only  when  the  nodal  pointa  (the  oen* 
tral  points  of  curvature)  of  both  surfaces  coincide.  This  takes  place 
only  in  a  lens  having  the  form  of  Fig.  21 ;  the  two  snrfaces  of  curvature 
are  at  h^  and  h^,  described  for  this  lens  from  the  point  and  every  ray 
directed  to  this  poiut,  as  a  h  and  a'  h\  therefore  coincides  on  both  the  anterior 
and  the  posterior  surface  with  the  radius.  Such  a  lens  is  not  biconvex, 
but  convex-concave,*  and  with  a  negative  focal  distance. 

Tn  every  other  form  of  lens  every  ray  is  refracted,  except  that  which 
coincides  with  the  axis.    This  is  easily  demonstrated.    In  Fig.  22  k^  is  the 
centre  of  cunrature  of  the  anterior  amfaoe  A|,  and  k„  that  of  the  pos- 
terior amftoe      Now  if  the  lej  0  &  be  direeted  to  i^^  it  Is  not  lefraeted 
on  the  anifroe  A,  \  bat  aniTed  at  o»  it  ia  bent  from  tiie  nonnal  c  e,  and 
ptoeeada  in  the  direetion  c  d.  The  aame  ia  true  of  the  ray  a*  tf,  whieht 
direeted  to  ifc^  at  ^  paaaaa  throqgh  vuefraoted,  hot  at  e'  ia  bant  from 
the  normal  tf  1^,  and  pioeecds  aBe*tP,   Every  ray,  therefore,  which  is  not 
refracted  at  the  one  surface,  deviates  at  least  at  the  other  from  its  direction ; 
and  all  rays  which,  while  they  are  in  the  ]en%  are  not  direeted  to  kg  or 
are  refracted  at  both  surfaces. 

In  a  lens,  therefore,  no  nodal  point  exists,  to  be  classed  with  the  nodal 
point  of  a  simple  refracting  surface,  of  such  a  nature  that  all  rays  directed 
thereto  should  pass  through  unrefracted. 

VIII.  £v€ry  km  has  iico  nodal  points,  k'  and       to  be  found  both  by 

construction  and  hy  calculation. 

For  every  lens  two  points  may  bo  determined,  and  kf*^  which  stand  to 
each  other  in  such  a  relation,  that  every  ray  directed  before  the  first  refrac- 
tion to  hf,  appears  after  the  second  refraction  to  prooaed  from  kT^  being  at 

the  same  time  parallel  to  its  primitive  direction. 

These  points  are  the  nodal  points  of  the  lens,  the  first  k'  and  the  second 
kf  (Fig.  23).  The  ray  a  b,  before  the  first  refraction  directed  to  k\  appears 
after  the  second  refraction  to  proceed  sl&c  d  from  k"f  while  cd  ia  also  parallel 
to  a  b. 

The  points  V  and  V  are  easily  found  for  ereiy  lena,  both  by  oonatruction 
and  by  oaleiilation. 
Let  k^  (Fig.  24)  be  the  eentie  of  onrvature  of  the  sorfiMM  Aj,  k^  of 


*  English  writera  would  say  ooneayo-oonTex,  with  a  poaitite  Iboal 
length.— 8.  H. 
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the  surface  hy  Let  an  arbitrary  normal  r,  now  be  drawn  on  the  sur- 
face h^t  and  parallel  thereto  the  normal  A*,  r,  on  the  slirface  h^.  Let  a 
ray  of  light,  moreover,  be  imagined  in  the  direction  6,      proceeding  in  the 


Fig.  22, 


lens,  then  the  angles  formed  by  this  ray  with  the  two  parallel  normals  A*, 
r,  and  A,  r,  will  be  equaL 

If  the  angles  be  equal,  the  deviations  which  the  ray  h^  ondergoes  at 
6,  and  6,  will  also  be  equal,  and  as  these  deviations  take  place  in  opposite 
directions,  6,  c  is  parallel  to  a  h^.  The  points  1<f  and  A-^,  to  which  a  6, 
and  c  6,  (respectively  before  and  after  the  refractions)  are  directed,  are  there- 
fore the  nodal  points  of  the  lens. 

In  order  to  calculate  the  position  of  these  points,  first  seek  the  point  o, 
where  the  ray  fc,  6,  cuts  the  axis ;  if  the  radii  li^  h^  —  p,,  and  A, 
6,  —  p,  are  parallel  to  one  another,  the  triangles  l\  6,  Aj  and  Ar,  6,  A, 
are  similar. 
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GonseqpeBtlj  p, :  A,  6,      :  A,  5^ 

Am,  manmtf  tiw  tiiuigiKet  A|  ft| «  and  A,    o  are  ibiilar, 

A,  6,:  A,  o  ailgB^:A,o; 
andf  oonsequentlj,  p, :  A,  o  »    :  A,  o; 

liuii  i%  tha  diatances  from  A|  and  A,  to  o  an  proportionate  to  the  radii  of 
curvature  p,  and  p,  of  the  refracting  surfaces  A,  and  /i^.    If  the  two  radii 

of  curvature  are  equal,  o  will  therefore  lie  midway  between  h^  and  A,. 

If  the  point  o  be  determined,  we  can  easily,  by  calculation,  tind  kf  and  : 
they  are,  in  fact,  the  points  whereon  the  rays  which  in  the  lens  pass  through 
o,  or  proceed  from  o,  are  directed  without  the  lens — ^in  other  words,  thej  are 
the  images  of  o. 

All  tlie  rays  proceeding  from  o  (Fig.  25),  as  o  6  and  o  c,  are^  after  refrao- 


Uon  at  the  anterior  surface  h^,  directed  to  k\  the  rays  o  h\  and  o 
to  J^,   Coose^uentlj  k  and  o  are  the  conjugate  foci  by  refraction  on  the 
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h  :  I:"  and  o  those  for  rttncHan.  on  the  surface  Both  mre  cdU 
eaUUed  accordiRg  to  the  formula.  3  e ;  it  u  tker^igte  "»^*i^>»»^  to  appljr 
ibis  formnla  to  one  of  the  two  surfaces. 

For  the  anterior  surface  of  the  lens  (Fig.  26)  A,  ^'  is  =  F,  k^f'=z'g^ 
Aj  o=f.   For  A,  k we  now  find 

TV.  28. 
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J  —   Jtt' 

In  this  formula/" — P'  has  p^iven  place  to  "P' — f**,  because  the  point  of 
light  u  lies  between  h\  and  (compare  Fig.  2G),  and  k'  is  therefore  a  iir- 
iMal  image.  la  like  manner,  1^  ia  found  for  the  surface  A,  of  Fig.  25. 

We  bare  called  k  and  If  the  imagea  of  o.  They  ue  really  ao.  Were 
then  a  litUe  point  in  o  in  the  lena  (Fig.  25),  it  wonld«  seen  thiongh  the 
anterior  aarfoee  of  the  lena  A„  appear  to  be  in  l^t  and,  aeen  throngh  the 
posterior  anrfaoe     in  iK. 

Now  if  the  rays  proceeding  from  o  (Fig.  27),  are,  after  refraction  on  the 
anterior  surface  A,,  at  6  and  b  directed  as  6  a  and  h'  a'  to  after  refiraotion 
on  the  posterior  snrfaoe  ^ as  cd  and  c' d!  are  directed  to  k'^  the  rays  a  h 
and  a'  h\  which  before  the  tirst  refraction  are  diriM  ted  to  A^,  pass  in  the 
lens  through  o ;  and  appear,  after  the  second  refraction  as  c  d  and  c' d'  to 
be  derived  from  k',  c  d  beinf^,  moreover,  parallel  to  a  h  and  c  d"  to  a'  b'.  The 
points  found  k'  and  therefore  correspond  to  the  detinition  of  nodal  points 
above  given. 

IX. — To  make  we  of  the  nodal  points. 

Of  these  nodal  points  we  can  make  the  same  use  as  of  the  single  nodal 
point  (centre)  of  a  single  refracting  surface  (compare  Fig.  10),  with  this 
difference,  that  between  a  point  (Fig-  ^8)  T  and  its  image  /  we  have  to 
distinguish  two  ray  a  of  direction:  the  tirst,  namely,  k,  and  the  second 
If/,  These  are,  however,  parallel  to  one  another,  and  the  angles  a  and 
P  are  therefore  equal.  Consequently,  the  imago  Jf  ia  seen  from  ^  under 
the  same  angle^  under  which  the  objcet  1 1*  exhibits  itself  from  1^.  For  the 
magnitodea  of  the  objeot  ii^B  and  the  imn^ jf  =s  ^  we  therefore  find : 

If  the  object  lies  at  a  great  distance  from  the  lens  we  may  set  down 
if  =  ik"y  and  the  formida  then  becomes: 

ft  :  B  =j  k*  :  i  k*,  whence  the  posterior  nodal  point  reeolta  as  adle 
nodal  point,  and  we  have  to  do  with  only  one  ray  of  direction. 


X,"' Optical  centre. 

The  point  n  (Fig.  28,  compare  also  Fig.  25)  is  Icnown  under  the  name 
of  optical  centre.  Usually  we  assume  that  the  rays  directed  to  this  optical 
centre,  pass  through  unrefracted.    The  formula 

:  B  ssjo :  t  o  ia  then  applied. 
Wb  have  already  seen  that  this  ia  Hot  perfootly  correct 
¥oi  thin  leasee,  with  a  long  foeal  diatanoe,  thia  method,  it  iatme,  giTCo 
rise  to  no  notable  error.  Bui  fw  thick  lenaea,  with  a  abort  focal  diatanee,  the 
deviation  may  be  considerable,  and  the  two  nodal  points  must  be  taken  into 
calculation*  If  either  olject  or  image  be  sitnatod  at  an  infinite,  or  at  least 
at  a  Teiy  great  distance  from  the  lena,  we  may  for  these  lenses,  too,  asanma 
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(MM  aodil  pofnti  iiAmelj,  thift  on  tiM  ride  of  llie  shorter  oonj  agate  fooftl 
diitawee  (Compare  IX.),— but  io  no  eeie  the  optioel  eentn. 

XI. — £very  lent  hat  two  principal poinUf  h'  and  A*. 

As  a  lens  bas  two  nodal  points,  it  lias  also  two  prinoipal  points:  If  Iteo 
exists  only  one  refracting  surface,  the  refracted  ray  ia  directed  to  the  same 
point  of  that  sarface  a«  the  incident,  and  from  this  point,  where  the  refraetiew 
takes  place,  we  calculate  the  principal  focal  distance  as  well  as  the  ooi^ agate 

focal  distances.  The  principal  point  lies  then  in  the  surface  of  curvature. 
If  there  be  more  than  one  refracting  surface,  a  ray  is  after  the  last  re- 
fraction evidently  no  longer  directed  to  the  point,  where  it  underwent  the 
first  refraction.  But  we  can,  however,  tind  two  surfaces,  perpendicular  to 
the  axis,  which  stand  in  such  a  relation  to  each  other,  that  the  rays 
before  the  first  and  after  the  last  refraction  are  directed  to  exactly  corre- 
sponding points  of  these  two  sorfaoes.  This  is,  in  fact,  attained,  if 
the  two  snr&osa  are  images  of  one  another,  of  eqnal  sise  uid  like  diveo- 
tion  (ritoated  on  the  same  ride  of  the  axis).  The  two  sor&ees  whieh  fiiUll 
thestf  oonditions,  are  the  prine^ml  mufaeet^  and  where  they  are  out  hj  the 
axis,  lie  the  princy^poinU,  From  Ibe  first  piinelpal  point  k  Hio  anterior, 
from  the  seoond  A*  the  posterior  fooal  distanoe  is  oaloolated. 

XSJ.^Mode  ofjinding  the  principal poimU, 

To  find  the  prinoipal  surfaces,  we  must  in  the  system,  for  example  in  a 
lens,  determine  in  what  position  an  object  must  be,  in  order  to  form  similar 

images  on  both  sides,  these  are  then,  also,  images  of  one  another,  and  there- 
fore represent  the  principal  surfaces.  We  immediately  see  that  in  a  bicon- 
vex lens  the  place  sought  must  be  found,  between  the  two  refracting  sur- 
faces, i/»  the  lens.  The  magnitude  of  the  virtual  images,  formed  by  each  of 
the  surfaces  of  an  object  situated  here,  we  tind  by  the  formula  (4 

=  J*— ^:  J*. 

In  this  eaoh  snriiMe  is  eonridersd,  a»  if  the  other  were  not  ptesent. 

Kow  in  Fig.  S9  let  A,  ft^F{  be  the  posterior  fooal  distenee  of  the 
snrAuM  At  in  glass  for  raya  ikiling  paraUri  in  the  dirsetioa  A' A  on 
Ai  f^^Fi%  the  ImmI  dislsnoe  of  the  sarftoe     likewise  in  glass.  Vow 
if  anohjeotbeate,  sAss/ZandeAis/i'.  If  the  images  are  of  e^nal  aiae, 
then  sinee 

and 

the  formula 

f/:F/=fr:F,'   (h) 

must  hold,  which  signifiee,  that  in  order  to  find  the  point  «,  A,  must  be 
divided  into  two  parts,  proportional  to  the  focal  distaaese  A«  fk^F^ 

and  A,  ^/  =  -F,'. 

The  correctness  of  this  result  appears  ioimediately  from  the  eonstAe- 
lion  (Compare  Fig.  30). 
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Each  surface  is  here  again  considered,  as  if  the  other  were  not  present. 

The  ray  drawn  from  <(>'  to  becomes,  as  derived  from  the  second  focus 
of  /*„  at  6  as  6  a,  parallel  to  the  axis,  likewise  that  drawn  from  to  in 
h'  as  6'  a'.  The  distances  from  b  and  h'  to  the  axis  are  therefore  the  magni- 
tudes of  the  images  of  the  line  s  and  these,  h  and  6*  assumed 
as  vertical  to  the  axis,  are  equally  large,  when  A,  A,  is  divided  propor- 
tionally to  the  focal  distaaces.  Then,  since  ^/  s'  and  sf  are  prolonged 
to  6'  and  h  proportionally,  they  will  therefore  in  b'  and  b  again  have  come 
to  similar  heights  above  the  axis,  just  as  was  the  case  in  «' . 

If  we  now  know  the  position  of  the  point  *,  we  find  the  positions  of 
its  images  by  the  same  formula  3 

according  to  which  the  position  of  the  nodal  points  from  o  is  determined 
(Compare  VIII.). 


'SAW.^Signification  of  the  principal  surfaces. 

The  signification  of  the  principal  surfaces  is  this,  that  each  ray,  for  example, 
abed  (Fig.  31),  after  the  second  refraction  as  c  rf,  is  directed  to  a  point  of 


Fig.  31. 


A'  A',  removed  as  far  from  the  axis  as  the  point  of  A'  A',  to  which  the  ray  a  h 
before  the  first  refraction  was  directed.  And  that  this  must  be  the  case, 
appears  when  we  see  that  the  ray  in  the  lens  passes  through  and  re- 
member that  all  rays  passing  through  s'  at  the  one  side  of  the  lens  appear 
to  come  from  e\  and  on  the  other  side  appear  to  come  from  e*. 


XIV. — Condition  for  the  coincidence  of  the  principal  points  and  nodal 

points. 

In  a  lens  bounded  on  both  Stides  by  the  same  medium,  for  example,  air 
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(m'  =  n"),  8  and  o  ooinoide,  and  theieforo  aIm  A'  ooinoidM  with  A',  and  h' 
with  kr  (Fig.  32). 

Fig.  32. 


Hm  pmiii  •  ia»  namdy,  fboad  bj  dividing  tlia  axis  of  the  ]«na,  into 
two  piita»  whieh  m  as  the  Iboal  distaaoeB  beloiiging  te  the  prineipal 
pomta;  the  point  «^  dividing  the  ,iame  axis  into  two  parts,  proportiona 
te  the  radii  ef  enrvatare  of  the  two  sorfaoes.  Now,  since  the  focal  dis- 
tanees  are  proportional  to  the  ladii  of  onrratore,  the  division  of  the  axis 
Is  in  both  oases  the  same,  and  therefore  o  and  s  coincide.  The  same  must 
he  tnie  of  their  respeotive  images,  Jt'  and  k',  and  h'  and  A'. 

XV.^CbfidlNtibii/or  <iU  fioi¥-€ouieide»ee  of  the  principal  and  nodal  points. 

On  the  eontmy,  when  the  lens  is  not  hounded  on  hoth  sides  hjra  medium 
whose  refractiye  coefficient  is  equal  {n'  ^  n"),  sand  ono  longer  coincide 

and  therefore  the  images  k  and  k'  (of  o)  no  longer  coincide  with  h  and  A 
(those  of  s). 

For  the  prinmpal  points,  also  when  it'  ^  n'%  the  formula  still  finds 

application :  s  lies  always  at  the  point  where  the  dtstanoe  Ai  As  a  D,  is 
divided  proportionally  to  the  prinoipel  fboal  distanees.  Then,  nsmely,  the 
two  images  of  •  /  eontinne^  as  a  gUnee  at  Fig.  80  immediatdy  shows,  of 
•qoalsise. 

Now,  in  proportion  as  — —  becomes  smaller,  the  second  focal  distance  Aa 

of  the  snrface  h  .  becomes  longer,  and  approaches  more  and  more 
to  a;  whose  foeal  distaooe  A|       has  remaiiied  nnaltered.  Lastly,  if 

&s  1,  A,  f,'  is  mfinitely  Isrge,  and  •  therefore  lies  in  Ai.  Then 

two  iraa^s  of  s  are  no  longer  formed,  but  s  coincides  with  its  image 
in  the  point  Ai:  the  lens  is  changed  into  a  single  refracting  surface,  of 
which  1  have  in  IV.  shown  how  to  recognise  the  eardinal  points. 

While  in  the  ease  that  beeomee  gieeter  than  ii',  the  point  s  is  removed 
Ibrward,  the  point  o  deviates  in  the  opposite  direotioii,  baekwards.  Thia 

n' 

appears  already  from  the  fact,  that,  when       has  booome  =  1,  and  con- 
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sequcnily  only  one  refracting'  surface  has  remained,  s  comes  to  lie  on  the 
surface  of  curvature  A„  oud  6,  on  the  contrary,  in  the  centre  of  curvature 
Ai  (Fig.  33)  (compare  Fig.  17).    It  muet,  kowever,  be  more  acourat«l/ 


proredi  and  at  the  mm  tune  thowiiy  bow  the  pontioB  of  d  majr  in  thii 
ense  aleo  be  found. 

In  Fig.  84      Is  mnoh  smtller  thin  ^  is  it  thenoe  appears,  that  the 

focal  distance  of  rays,  parallel  in  the  lens  and  refracted  on  the  posterior 
■surface,  as  h  ,  =  is  three  times  greater  than  that  of  the  same  rays 
refracted  on  the  anterior  surface,  as  hi  ^|'=  jP^'j  while  the  radium  of  cur- 
Tatoxo  htktia  only  1  i  times  greater  than  Ai  ki. 

If  we  draw  from  the  point  a,  sitnited  in  the  foosl  siirfSMW  of  A|,  a  ray  mhe, 
direeted  to  kt,  this  passes  throogk  at  h  nntefraeted  to  e.  If,  moieow, 
wo  draw  in  the  lens  a  second  njifVf  parallel  to  afte  and  direoted  to  k^, 
and  prolong  tHia  to  tf'  in  the  foeal  snrfiMe  of  A%  ws  hiTO  in  the  lens  two 
parallel  rays  b  c  and  b'&.  All  the  rays  parallel  in  the  lens  now  unite  in 
each  of  the  focal  surfaces  into  one  point,  whence  it  follows  that  a  6  c  is 
refiraoted  at  c  and  proceeds  as  c  a';  a'  b'  c'  refracted  at  c'  continoes  in  the 
direction  c'  a.  Now  it  appears  that  at  the  surface  hi  the  raj  c  h  pasBOS 
through  unrefraoted,  the  ray  6'c',  on  the  contrary,  experiences  a  deviation, 
c'  a  ft  =  -y, ;  that,  on  the  contrary,  at  the  surface  hi  the  ray  c'  b  jnimi 
through  unrefraoted,  but  h  c  undergoes  a  dc .  lation  =  ca'  b'  =  y2. 

Now,  the  deviation  of  rays,  parallel  to  6  c,  increases  on  the  surface  Ai, 
between  b  and  c',  regularly  from  zero  to  ;  on  the  surface  Aj,  between 
^  and  c,  from  lero  to  Between  b  e  and  V  c\  therefore,  lies  a  ray  parallel 
to  botht  whieh,  at  the  two  sidssiit  A|  and  has  an  equal  deviation.  It  is 
oyident  that  wo  shall  hiTo  fouttd  this  raj,  if  as  is^arallel  to  tf'  tf^  or,  in 
other  words,  if  the  angle  ea  6  is  equal  to  ^ttV,  For  that  purpose  Ist  vt 
oonsiderthotrianglesaleandi^y^:  these  have  the  side  «  6  paraUal  too' ft^ 
at  parallel  to  e\  finally,  5e  parallel  to  V^,  beoanse  both  are  perpendi> 
oolar  to  the  axis.  They  are  oonsequently  similar,  and  theiofioro 

bnt  beoanse  a  5  has  the  same  inelination,  with  respeot  to  hi  f\,  that  afh' 
has  with  respeet  to  At  ^  a,  wo  may  write. 
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Finany,  beoAue the  thiee lines  tttfef?^  ^00^  tad  h^ehnw pafallel, 

and  as  e'  n  —  ch  and  c'  c  —  h'  c' 

The  point  0  is  therefore  founcJ,  bt/  dividing  the  distanee  k\      between  the 
centres  of  curvdfinc  of  the  tiro  surfaces  into  tiro  parts,  proportional  to 
and  F/,  or  (compare  26  and  id)  to  Uie  focal  distances        and  G2  be- 
longinij  to     and  k  ,. 

This  expression  is  the  more  general :  it  is  applicable  to  all  cases,  and 
therefore  also  in  the  case  where  n"  =  n\  for  which  aboTe  (YIII.)  another 
ezpnafiini  was  found. 

Now,  if  the  point  o  be  known,  the  poeitioni  of  the  two  nodal  pdnts  if 
and  iK,  tiie  images  of  o  (as  well  as  that  of  the  two  pzineiiial  points  A' and  k% 
the  images  of  s),arecalonlated  aooording  to  the  formula  3e,as  is  pointed  oat 
in  YIII.  By  oonstmction  if  and  hsTO  already  been  asoertained  in  Fig.  94. 
The  anterior  nodal  point  k'  lies,  namely,  where  the  ray  a  e,  prolonged 
as  a  right  line  (dotted),  should  cut  the  axis ;  the  second  k'^  where  the  ray 
e'  a'  should  cut  it  Every  ray,  which  before  the  Jirst  refraction  is  directed 
to  k',  is  after  the  Jirst  refraction  directed  to  o,  and  after  the  tecimd  refrao- 
tion  to  k',  and  is  again  parallel  to  its  original  direction. 

XVI^^oeil 

It  now  femains  to  define  the/iei  of  a  lens  (Fig.  Sff). 

For  this  it  iii  neeessaiy  to  know  the  thickness  of  the  lens  A,  A,  =s  i),  and 

the  focal  distances  of  the  two  surfaces  separately. 

The  foci  of  the  surface  A,  lie  in  and  ^>,'  ;  those  of  in  and 
f/.  Let  ns  call  the  focal  distances  A,  0/  and  A,  Fi  and  the 
focal  distances  A..  0/  and  A^  <f>'  are  /V  and  F/'. 

They  are  tound  according  to  formulru  la  and  \h.  If  rays  now  come  in 
the  direction  A  A',  parallel  to  the  axis,  they  are  at  the  surface  A,  refracted 
towards  the  point  (p' ;  if  they  arrive  at  A.,  their  focal  distance  h  ,  <p'  is 
s=  F'  —  D.  Hero  they  are  again  refracted  at  a  surface  with  focal  dis- 
tances Fi  and  F%»  They  will  therefore  unite  in  and  A,  ^'  will  be 
ibnnd  aooording  to  the  formula  3  J. 

The  seoond  piineipel  f ooal  distance^  whioh  is  oaloulated  from  the  seoond 
principal  point  A',  is  now     s  As  f  '  +  A3  A'. 

In  like  manner  we  find  A,  f',  by  letting  the  rays  ftll,  ptrsllel  to  the  axis,  1 
in  the  direction  A'  A  on  A^,  and  undergo  a  seoond  refinotlon  at  the  smfiuie 
A,.    Moreover,  F'  is  =  A,  ^'  4-  A,  A'. 

If  the  first  and  last  media  be  similar,  n  "  =  n\  then  i>*  s  and  there-  " 
fore  needs  not  to  be  separately  sought.    Of  this  the  proof  is  simple.  ^ 

For,  lot  h'  <p'  be  found  =  /"  (Fig.  36),  tlicn  from  tlie  point  a,  situated 
in  the  posterior  focal  surface,  let  two  rays  proceed  :  the  lirst  a  A',  directed 
to  the  nodal  point,  is  at  tlie  other  side  of  the  lens  in  («',  as  A' parallel  to 
a  h' ;  the  second  a  h  h\  proceeding  from  the  same  point  fl,  must  in  (/*'  be 
parallel  to  a  A',  and  since  it  in  (n"  is  parallel  to  tho  axis,  it  must  in  (/<'  cut 
the  axis  in  the  Ulterior  fooal  point 
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eoBaef{iMnfl7v1iM|Bb:l;)aI  pointa  izui  nodal  poiiiti  do  ad  Mincide, 
points  ouij  be  wtfmattkf  kmai.  This  vas  done  in.  order  to  exhibit 
dbadf  the  ■rignitfmtifHi  of  thnt  pnli^  ad  to  a&rd  a  pnof ,  tiiat  in  a 

eomponnd  diorimc  systent  points  are  to  be  5:5nnd,  having^  the  already 
explained  it^p^catian  of  principai  potnu  jlh  i  oodal  points.  Xow  we 
■My  proceed  trom  thid  iignitii^titMi,  lo  show  tiieir  recxprtscai  dependence 
in  poaition,  whence  it  will  appear  that  the  foci  bein^  known,  from  the 
position  of  the  oodai  pointa  thai  at'  the  pnneipal  pouUi,  or  vice  vertd^ 
ma  J  be  dedacizd. 

We  may  il— tibai  §m  a  mtffm  ninttiag  uaSam,  when  only  one 
fradpal  poiii  aai  Ma  aaU  foi  ante        1 7), 

AfT 

P    =s  P^  le 

F'   =  r^p  1  d 

In  agpreeoMBt  with  thia  we  ahall  ihov,  that  in  a  oompfwad  dioptzio 
tyitftiHj 

A>'  si:'      that  is,      =   5  a 

A'A-'  ^tir  5c 

V/  esi'f,  thati»,^=flr  ....  5ft 

F'    ss   6d. 

It  it  ilial  to  ba  ffOfid  tbat  A' f  s  K  f 

T]ia  fay  a  ft  (1^  87),  antting  tlia  asii  in  tiia  anterior  iacm  f,  fidlf 
upon  dia  fiiit  prinoipal  loHaoe  in  and  now  runs  in  {n"  as  0  J  paiaUal 
to  tha  azia.  All  rays,  in  (n'  parallel  to  a  6,  unite  with  a  6  in  tha  MUBe 
point  of  tba  pottarior  focal  surface.  Vio0  vend,  tharafora,  amy  ray  pio- 
OdlM^fag  from  d  runs  in  {n'  parnllol  to  a  h. 

Ona  of  these  rays,  namely  d  <•',  ih  in  {n"  ul ready  parallel  to  o  6,  and 
mnst  theiefore  in  n',  as  h'  n\  ooutinuo  parallel  to  a  b,  that  is,  to  itself. 
Now  the  disliuctivo  mark  of  tho  nodal  [winti*  is,  that  rays,  in  («  "  directed 
to  k',  in  n  are  directed  to  Ic'  and  parallel  to  themselves.  Consequently, 
where  c/  &  outa  tho  axis,  lies  k',  and  the  point  of  the  axis,  whereon  a'  b' 
b  directed,  is  Now  H  immadiately  appears  that  the  triangles  f'  b  k' 
and  A^d    an  oqoal  and  ilmilar»  aad  oonatquaiitly, 

|'^«BiA>MUlia»C?'«BjP  5a.  a&D. 

It  la  at  Um  mum  tima  laaludad  to  tbii  omiitrMtiaB,  that 
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For  A'l^2^0^fs»puiUalogtain,aiidif'e'A'  A' a  reoUagla^ 

Ihoefine  h' 1^  z=zh' d  =.hf  hT,  5  <^ 

Vow, UMIf^yh%  it  follows  further  tiwt* 

kf  ^'  =ih'k    h'  ip' 

^'  is  =  A'      tiiat  is,   6  6. 

MoreoTer,  we  see  that  f',  h'  and  ha?e  a  relation  to  the  direction  of 
the  rays  in  (n' ;      h'  and  F  to  tlie  dirootion  of  the  rays  in  (n^. 


3LVI1I.— prme^poi  JbetU  dkkmeet  om  propoiiiandl  to  ikt  eoeJieimU 

ofr^firaeiiimqftheJkHmtdkutmtdia» 

In  order  to  prove  thii  important  proposition,  we  must  nuike  nse  of  a 
w^-knoini  law,  whioh  ooanects  the  magnitude  of  the  images  wiUi  tho 
divvganoe  of  the  nys»  indopondMitly  of  the  positioii  end  the  liMel  distenee 
of  the  refracting  snrface. 

In  Fig.  38,  let  i  be  a  point,./  its  image,  h  the  refractinj^  spherical  surface  ; 
consequently,  i  h  =  /'and  hj  For  small  angles  hb  may  be  regarded 

as  perpendicular ;  and  if  this  perpendicular  be  short,  the  opposite  angles 
hib  =z  a  and  bj  h  =  a,'  are  inversely  proportional  to  their  distanoM  from 
Jk  b. 

Consequently,/"*  =/'   A, 

Koreorer,  we  lmow»  that 

•yg-  =     end  jj-  =  -7?3f —  2  c  and  4  b. 

By  mvltiplioetioii  we  obtain : 

How  likewise  (as  followe  from  3  e), 

eonaequently,  JF"     'B  *  n'  * 

This  value,  placed  in  the  above  equation  A,  gives 

B  n  «L         n'  a'  Go, 

which  formula  expresses  the  law  above  mentioned. 

Let  He  now  oourider  a  compound  dloptne  system  (Fig.  39),  in  whSeh  tiie 
object,  tV  8  3,  is  equal  in  liie  to  its  image  j/  =  /3.  In  order  to  eon* 
•famot  this,  let  ns  fint  place  the  nodal  points  kl^^  and  draw  the  line  /JK, 
•ndF/penlld  toitsif^i  At  eome  distenee  from  KiK  let  ns  now  place 
VK^Ulf*  All  rays,  prooeeding  from  /, unite  in  its  image / ;  one  of 
these  rays,  namely  T  6,  proceeding  from  i  parallel  to  the  axis,  shows  the 
position  of  the  posterior  local  point  ^'  \  and  ^AbW       %  the  trianglee 

h'  ^'  b  and  J  /  /  are  equal  and  similar,  coneequently  h*  f'  =  f'j\  cr 
k'f'^ihrj,  that  is,     =  4 
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likewise  the  ray  /  b',  prooeedlng  fttmf  parallel  to  the  axis,  shows,  where 
it  eaU  the  azu;  the  poritiim  of  tiie  ulterior  fooal  point  in  f*,  and  in  like 
manner  it  appears,  that  A' ^' 3B I  A' that  is  1*  SB 

Let  na  now  eonaider  the  ray,  whieih,  j^rooeeding  in  the  direetion  from 
t,  mmwia  in  the  diieetion  V/  in/,  hnt  on  its  ivaj,  vefraeted  at  Tariooa 
surfaces,  has  so  many  times  acquired  another  unknown  direction.  We 
know  only  the  angle  h' t  =  a,  which  it  forms  before  the  first  refraction 
in  the  medium  with  index  (/i',  and  the  angle  J  h'f  =  which  it  makea 
after  the  last  zefraotion  in  the  medium  with  index  n^,  with  the  axis. 

In  the  first  plaoe  it  appears  that  —  =  ^  . 

For,  since  i*  i'  =  J  /,  the  little  angles  opposite  each  are  inversely 
proportional  to  their  distances  Irum  i    orjy.    Consequently : 


and  sinee,  in  the  supposed  ease, 

J*«l/'andJ*  =  |/', 

/I  and  -Zr 
Seoondlj,  we  shall  show  that 

Let  us  call  the  angles,  which  the  ray  proceeding  from  t  under  the  angle 
«,  and  arriving  at  /  under  the  angle  a„,  in  its  course  successively  makes 
with  the  axis,  a',  a',  a",  etc.  With  the  magnitudes  of  the  angles  the 
magnitudes  of  the  images  also  every  time  alter :  let  the  magnitude 
of  the  image  in  the  first  principal  surface  be  jS,  and  that  of  the  series  of 
images  after  each  refraction  f^',  etc. ;  lastly,  in  the  second  principal 
sorfaoe,  after  the  last  refraetion  /3m  =  /I'-  Now,  as  two  sacoeasiye  images 
mtj  eaeb  time  he  eonsidered  related  as  oljeot  B  to  image  /S,  we  may 
apply  the  formula  (6  a). 

to  ilia  series  (rfimagei^lbimed  in  the  eomponnd  system,  and  thna  we  obtain 

etc 

Whenoe  follows : 

/»'  «  =  li^  i 

and  aa  (3^=-  /3„. 

io  nf  •  ssn^a^t  or 

Now  if,  as  we  hare  abore  shown  for  the 


F' 

and  whieh,  of  eomse,  holds  good  for  all  oases. 
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XIX. — Application  to  the  cryatalline  leiu. 

All  the  foregoing  may  be  applied  to  the  crystalline  lens.  In  the  non- 
Bocommodated  eye  the  radius  of  the  anterior  surface  (Fig.  40  h^)  is  about 
=  10  mm. ;  that  of  the  posterior  surface  hn  =  6  mm. ;  its  thickness  /i,  = 
3.6  mm. ;  and  the  ooeffioient  of  refraction  is  stated  to  be,  for  tlie  lens 
l*46ff,  Ibir  11i0  Titnou  and  ■qajeou  hnmoim  1-8360. 

Hflinoe  the  ordinal  points  an  to  1m  oaleolated.  Tho  optical  aentro  o 
Vm  (3*6  X  6 : 6  +  10  s)  1*86  mm.  from  the  posterior,  and  therefore  (8-6 
— 1-85  b)  2*26  nmi.  from  the  anterior  snrfiule  ^  the  arystelline  lens.  From 
this  optioal  centre  let  rays  pass  forwards  into  the  a/^neons  hnmonr,  and 
backwards  into  the  vitreous  humour,  and  calonlata  (aoaocding  to  formula 
3  c),  from  what  points  in  the  lens  they  shall  appear  to  proceed.  These 
points  appear  to  be  situated  at  1-4927,  and  k"  at  1-2644  mm.  from  the 
posterior  surface  of  the  lens,  aud  therefore  less  than  }  mm.  from  eaoh. 
other.  By  the  ]uethod  pointed  out  in  XVI.,  we  calculate  ^'y  and  add  h' 
then  we  have  the  posterior  principal  focal  distance  h'  ^'  =  F'  =  43-707  mm., 
and  to  this  the  anterior  is  equal,  because  the  vitreous  and  aqueous  humours 
may  be  considered  similar.  Tlierefore,  also,  k  and  k'  coincide  with  /*'  and  h'. 

Our  knowledge  of  the  crystalline  lens,  however,  leaves  much  to  be  de- 
aired.  Fkobablj  the  index  of  zafraolioiL  is  someiwliat  too  great,  and  thas 
the  focal  distance  as  assumed  is  too  smalL 

The  use  whioh  may  he  made  of  oor  knowledge  of  the  six  eardinal 
pointey  in  the  determination  of  the  magnitnde  and  position  of  tlie  imagea* 
is  included  in  the  forsgoing^  hut  will  he  still  mcaa  e?ident  when  we  liall 
haTO  studied: — 


C^Rnnuonov  thxouoh  ▲  oompovvo  8T8tbic,  oovamnie  ov  ▲ 

SPHBRICAL  8VRFA0B  AND  A  BIOOMVBZ  LBV8. 

ZX. — (Tenenil  tfMljca<ftOfi  oftk§  cariuial  pamtt  tjfike  ey9* 

The  dioptric  system  of  the  eye  ooosisto  of  a  spherical  snrfaoe  and  a  U- 

convex  lens.  We  shall  at  once  make  the  cornea  and  crystalline  lens,  with 
whioh  we  are  now  acquainted,  the  foundation  for  finding  the  cardinal 
points  of  this  compound  system.  Let  system  A  (Fig.  41)  represent  the 
position  of  the  cardinal  points  of  the  cornea  ;  system  B  that  of  the  lens; 
system  C  that  of  the  eye.  The  distances  are  taken  as  they  occur  in  a 
well-constructed  eye.  System  C  must  be  found  from  the  systems  A  and 
B.  From  the  diagrammatic  representation  which  the  fiprure  pivrs  us,  we  are 
directly  led  to  the  conclusions:  1.  That  tlie  principal  points  and  nodal 
points  in  system  C  cannot  coincide,  for,  just  as  in  system  A,  the  first  and 
last  media,  («'  and  (n",  aie  dissimilar.  2.  That  as  the  nodal  point  of  system 
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^  BMly  coiaddOT  witii  if  toA  IT  {at  h'  wad  AO«ftyit«n  3,iirtadK  of 
ijatani  Coofiielo  Us  sMrly  si  fhe  Mone  height,  at  leut  imdoiibtedlj  in  fh« 
postenor  ptrt  of  the  eryitaUuie  lens.    8.  That  while  the  pnneipal  pinnt  h 

of  system  A  lies  on  the  anterior  surface  of  the  cornea,  and  the  prinoipsl 
points  h'  and  V  of  system  B  lie  in  the  lens,  at  6  7073  and  6*9356  mm. 
behind  that  of  system  A,  those  of  system  C  must  fall  in  the  aqueous  humour. 
4.  That  hy  the  combined  action  of  A  and  B  the  focal  distances  hf  f'  and 
h'  f'  in  system  C  are  much  shorter  than  in  system  A  and  system  £, 

XXI. — Cakulatkn  of  ihepoi^ion  ofih» primid^ poinU  m  the  ejfe. 

If  we  now  wish  to  determine  the  situation  of  h'  and  7i'  in  system  C,  we 
haye  nothing  else  to  do  (compare  XII.)  than  to  seek  for  the  point  s,  and  to 
calculate  the  positions  of  ths  two  images  from  this  point ;  the  two  images 
were  then  ths  principal  points  h'  of  systsm  C  Now  the  point  «  lies  hs- 
tween  h  (system  A)  snd  k  ijstsm  3 :  and  indeed  at  distsnees  proportional 
to  ths  prindpsl  foeal  distancss  of  sseh  of  thess  ijstems.  For  this  heing 
the  position  of  t»  ths  imags  of  ths  psrpsndionlar  t  s'  (Fig.  42)  fonnsd 
hf  the  oonea  C,  is  of  eqnal  size  with  the  image  fonned  hy  the  crystalline 
lens  L.  The  magnitudes  are  easily  found  by  construction  (omnpare  Fig.  30). 
In  Fig.  42  7i  ^'  is  the  posterior  focal  distance  of  the  cornea,  h'  ths 
anterior  Fi  of  the  crystalline  lens.  Supposing  the  crystalline  lens  awny, 
the  cornea  forms  an  image  of  s  a  =  h  a  ;  supposing  the  cornea  away,  the 
lens  forms  an  image  of  «  «'  =  h'  a^.  These  two  images  A  a  and  A'  a*  are  of 
equal  size  (compare  XII.),  when 

f  s'  :  s'  a  =  ^'  8' :  saff 

in  wUohcssB 

At  the  same  time  it  appears  that  the  point  s  lies  where  A  A',  and  not 

where  h  h'  is  divided  proportionally  to  the  focal  distances  h^*  =  F'  and 
A*  ^  =  jPi'  ;  for  already  from  the  point  a,  situated  in  the  surface  A',  the 
ray  0'  </  is  continued  as  a'  6  parallel  to  the  axis.  Furthermore,  it  appears 
that  if  the  first  system  A,  as  well  as  system  had  two  principal  points, 
the  distance  between  h'  of  system  A  and  /*'  of  system  B  must  be  divided 
proportionally  to  the  focal  distances,  in  order  to  find  the  point  «. 

Now,  in  the  eye,  h  lies  in  the  curve  of  the  cornea,  A',  on  the  contrary, 
6-7073  mm.  behind  the  cornea ;  F:  is  =  81-692,  Fi  —  43'707  mm.  Con- 
aeqnenay  s  Hss  5*7073  x  31*602 : 31*602  +  48*707  =  2*300  mm.  hehind  the 
eomea,  that  lt»  3*7073  —  2*800  =  3*3063  before  the  anterior  principal  point 
of  the  eiystallins  lens.  Ths  position  of  ths  imsgss  of  t  we  now  Anther  find 
as    snd  V  (system  Of  MMffding  to  the  ibnnnla  (3  e) : 

2*^100  V  98*Afi2 

The  position  of  A'  =  =  1-9403  behind  A  (the  anterior 

.        *v  3-3083  X  43-707  « 

BoHSue  of  ihe  eomea),  and  the  position  of  *'  =  43.707^^^3088  ~ 

before  the  posterior  principal  point  of  the  lens.  This  lies  5-9356  mm.  behind 
the  cornea,  and  consequently.  A'  at  5  9306  —  3  6793  =  2-4063  behind  the 
anterior  surface  of  the  cornea. 


Digitized  by  Coogle 


Digitized  by  Google 


POSITION  OP  THE  FOCI  IN  THE  EYE. 


65 


XXIL-^  Caleutatim     ik§ pontion  of  the  nodal  poitiU  m  the  ejfe. 

In  Older  to  find  the  potdtionB  kf  and  V  of  tyatem  C,  we  should  remember 
(Vlll.)f  that  they  are  the  unagea  of  the  point  a,  whidi  diTides  the  dittanoe 
between  the  nodal  points  of  tyitem  A  and  system  B  (eompare  XT.  and 

Fig.  41)  into  two  parts,  proportional  to  the  foeal  distanees  Gi'  atd  Ot 

belonging  to  the  nodal  points. 

The  foool  distance  belonging  to  A,  system  A,  is  ^'  A;  =■-  ^'  h'  =  23'GU2. 
The  focal  distance  belonfjinf?  to  k',  system  If,  =  4.'{  T07.  Moreover,  A-  lies 
at  8,  k'  at  O-7073  behind  the  cornea.  Their  mutual  distance  amounts  to 
2-2927.    This  is  to  be  divided  in  the  proportion  of  2^  092  and  43  707.  We 

«aw  find  2  -^-'  ^  =  1-4867. 

43-707  4- 2;i  oy2 

So  much  does  o  lie  behind  h'  of  system     and  consequently, 

5*7073  +  1*4867  s  7*194  mm^  behind  the  eomea. 

The  image     formed  of  o  by  the  oomea,  is  found  at 

81-692  -  7-104  =  ^'^""^ 
The  image  if,  formed  of  o  by  the  erystalHne  lens, 

Kes  at  1,!  -!!- ifol  =  1*4376  behind  the  second  priueipal  point  of  the 

crjstalline  lens,  and  oonseqnently  1*4376  +  6*9356  =  7*3732  behind  the 

oomea. 

The  distance  k' of  system  C=  7*373  —  6*937  =  0  416  mm.  =  the  dia- 

tance  h'  h'  of  system  C. 

If  we  tirst  determine  the  position  of  the  foci,  that  of  the  nodal  points 
will  follow  without  separate  calculatiuu. 

and 

wUoh  has  alfeady  been  proved  (XYIII.  and  XYIL). 


XXIII. — Calculation  of  the  potitum  of  the  foci  in  the  ejfe. 

l-Ofttly,  the  focal  distances  of  system  Tare  easily  calculated. 

Parallel  rays,  refracted  by  A  of  system  A,  converge  to  the  point  ^,  situated 
at  31(>ii2  behind  the  cornea.  On  their  way  lies  system  JJ,  and  of  it  they 
meet  A'  at  5*7073  behind  the  cornea,  that  is,  while  they  cunvergo  to  a  pomt 
sitoated  31*692  —  5*7073  ss  26*9647  behind  h'.  Calculated  from  h',  F'  of 
system  1^  is  =  43*707.— We  therefore  find  (aooordiug  to  form.  3  d)  the  poe- 

2S*0M7  y  43*7117 

terior  focus  /  of  system  C  at  gg^^^-i^J.'  =  10-290 

behind  A'of  ^,  and  consequently  16*296  +  5*936  =  22*23  behind  theeornca, 
that  is,  22*231  —  2-3r)63  =  19*875  mm.  behind  of  system  C.  The  pes- 
toior  prindpai  focal  distance  F'  of  the  ^e  therefore  amounts  to  19*873  mm. 

5 
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To  oliwihte  the  taterior  fonl  dJitaaeet  we  itart  from  rays  ponllel  in 
Titreons  bnnonr.  Eefraoted  liy  the  lens,  these  ooiiTCige  at  43-707  be- 
fore A'  of  ■yetem  JB ;  oonsequently  they  arriYe  at  the  anterior  sorfaoe  of  the 
oornea  at  43'707  ^  6*7073  =  37-9907,  and  are  then  refiaoted  at 

23-692  X  .37-9997  _  -^-aia 
31-f)92  -j-  37-9i>97  ~" 
befoie  the  cornea,  that  is,  12-918  +  1*9403  =  14*8683  before  h'  of  Syst  C. 

Fig.  43. 
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Hie  anterior  prindpal  fbeal  diateaoo  F'  of  fhe  e^e  therefore  amoimts  to 
14*8583  mm. 

A  amilar  lepeiate  calcaktlon  is  not,  striotly  ■peaking,  neoeMSiy  for  i^, 
beoMue  we  may  apply  the  iiormuU  6 

XXIV'. — JRevicw  of  the  jMsition  of  the  cardinal  jtoints  in  the  eye. 

TVe  are  now  enabled  to  combine  in  a  table  the  positions  of  the  car- 
dinal points,  first  separately  of  the  two  component  systems  of  the  eye, 
system  A,  the  cornea,  system  B,  the  lens;  and  subsequently  of  the  com- 
pound system  C,  the  eye  itself.  We  have  prefixed  the  computed  position  and 
curvature  of  the  refracting  surfaces,  and  represented  the  values  found,  in 
their  true  magnitude  for  each  system  in  a  diagram  (Fig.  43).  Above  system  D 
is  plaoed  a  scheme  of  the  form  of  the  lens  and  of  the  position  of  the  cardinal 
points  in  ^  eye  aeeommodated  Ibr  near  objects.  The  line  C  C  xepreeenta 
the  position  of  the  oomea;  2fN  that  of  the  retina.  The  lengths  are  given 
in  millimMrei,  and  the  position  ie  eaknlated  from  the  anterior  snrfiiee  of 

the  cornea.    The  refractive  coefficients  are  assumed  as       for  the  aqueous 

16  *' 
and  Titreons  hnmoors,  and     for  the  eiystallino  lent. 

We  liare  plaeed  the  Talnee  whioh  obtain  in  aeeomniodatum  Ibr  near  objects, 
next  thoae  for  the  eye  in  a  state  of  rest : 


Radios  of  curvature  of  the  cornea  

Radius  of  ourTature  of  the  anterior  surface  oi  the  lens 
Radius  of  ennratme  of  the  posterior  snrfMO  of  the  lens 
Position  of  the  anterior  suxface  of  the  lens  .... 
Position  of  the  poeteiior  sarfitoe  of  the  lens  .  .  .  . 

The  refracting  numbers,  represented  by  the 
diagram,  are  the  following : — 

Anterior  focal  distance  of  the  cornea  

Posterior  focal  distance  of  the  oomea  

Poeal  distanoe  of  the  lens  

Distance  of  the  anterior  prinoipal  point  of  the  lens 

from  its  anterior  surfaee  

Distance  of  the  posterior  principal  point  of  the  lens 

from  its  posterior  sorfiMM  

Diatance  of  the  two  principal  points  of  the  lena  from 

each  other  

Posterior  focal  dihtaucc  of  the  eye  

Anterior  focal  distance  of  the  eye  

Plaee  of  the  anterior  focus  

Place  of  the  first  principal  point  

Place  of  the  second  principal  point  

Place  of  the  first  nodal  point  

Place  of  the  second  nodal  pmnt  

Flaee  of  the  posterior  foens  


Aceomtnoda- 

AecoBawtfa. 
yon  terMMT 
Oltfecto. 

8 

8 

10 

6 

6 

5-5 

8*6 

3-2 

7-2 

7*2 

23-692 

23-692 

31-602 

31-692 

43-707 

33-785 

2ioa7 

1-9745 

1-2644 

1*8100 

0-2283 

0-21 5.J 

19-875 

17'70G 

19-875 

13-274 

12-018 

11-241 

1-9403 

20330 

2-3563^ 

2-4019 

6-957 

6-515 

7-373 

6-074 

22*231 

20248 

2 
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Henee  it  appears,  that  A>' s       ib'  iK  a  A'  V.lf  f  as  A*     and  ^ 
3s  1!"  If' ;  that  ia,  108  ^'  as  77  F'  (oompm  XYIL  and  XYIU.). 

"XJCf^Ute  to  he  made  of  ike  knowMge  of  the  eardmai  pomte. 

After  wa  hare  learned  the  cardinal  points  in  the  eye,  it  remaina  to  ahow 
what  use  ia  to  be  made  thereof^  in  oider  to  find  by  oonatraotion  the  ooone 
of  eaoh  ray,  and  the  aitnation  and  aise  of  the  dioptrie  imagea. 

For  the  aake  of  deameaa,  we  take,  in  the  following  fignrea,  all  meaanre- 
menta  at  double  the  size  of  those  in  the  eye,  and  Uie  mutual  distanoe  of 
the  two  nodal  and  of  the  two  principal  pointa  as  aomowhat  greater  than  it 
really  is.  The  lino  C  C  represents  the  anteriw  aorfaoe  of  the  oomea,  VV 
the  anterior  surface  of  the  vitreous  humour. 

Let  U8  briefly  reoapitulate  (oompare  Fig.  44) :  1.  That  every  ray,  for 


Pig.  44. 


example  a  b,  which  in  the  first  medium  [n  is  directed  to  A',  in  the  last 
medium  {n"  is  parallel  to  its  primitive  direction,  but  is  directed  to  k'.  2. 
That  every  ray,  for  example  <■  d\  in  ia  directed  to  a  point  (</')  of  the  sur- 
face A*  <r,  removed  as  far  from  the  axis  A  A'  as  the  point  {&)  of  the  surface  h' 
c*,  to  whioh  it,  as  fi^  c^,  waa  diieoted  in  the  first  medium :  that  ia,  (f  if  ia  paialld 
to  the  axia.  8.  That  all  raya  which  are  parallel  in  (n',  for  example  a  h  and  tf'  & , 
nnite  in  one  point  in  the  aeeond  focal  aurfaee  f'e  (and  indeed  in  the  axia  in 
the  point  when  they  are  paraUel  to  the  axia).  4.  That  all  rays,  parallel 
in  unite  in  ooe  point  in  the  anterior  focal  aurfaee  ^'a,  and  if  tiiey  are 
peralh  1  to  the  axis,  as  f  d'  r*,  in  the  point  c/. 

By  the  application  of  these  rules  we  can  of  each  i^iven  ray  in  fn',  ascertain 
its  course  in  in".  What  deviations  it  undergoes  at  the  several  refracting 
surfaces,  we  do  not  in  this  mode  trace.  The  lines,  therefore,  represent  <mly 
the  course  of  rays,  m>  long  as  they  are  in  the  air  in',  or  in  the  vitreous 
humour  (n".  To  denote  thia  they  are  dotted  between  the  oomea  and  the 
▼itreoua  humour,  where  the  ray  leavea  the  oourae  of  the  line. 
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Now  ]«ta»7,a»  (Big. 46)  in      be  giwa;  it  i»  deaiwd  to  ascertaiii 

Fig.  46. 


Fig.  45. 


its  oonne  in  (nT.  This  objeot  oaa  be  obtained  in  two  modes.  Fint,  let  the 
ni7bepfioaiiesdtotlieiintprindpalsiirfiuie,whiflhit<^^  the  imj  will 
thus  in  {jnT  be  direoted  to  the  point  of  the  second  prinoipel  snrfaoe,  eorre- 
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sponding  to  c,  that  is  to  d  (rule  3).  Let  the  ray  now  out  the  anterior  focal  aur- 
h09  In  h.  All  rays,  proceeding  from  6,  are  parallel  in  {n"  (compare  4) ;  tlM 
direetion  of  one  of  these  rays,  hif,u  knomif  for  it  oontinaet  at  A*  c  parallel 
to  its  primitiTo  diiaotum ;  hut  we  thna  need  only,  proiwndiwg  from  to  draw 
a  line  parallel  to  6 ill'  or  c:  to  And  the  direodon  of  the  line  d*,  which  the 
ray  follows  in  (a*.— We  may  equally  make  use  of  rules  1  and  3  to  fiu^'  the 
course.  All  rays  parallel  to  a  6  unite  in  the  posterior  focal  surface  ^'  into 
one  point.  Of  one  of  these  rays  a'  b'  k  we  know  the  direction,  which, 
namely,  continues  as  A'  e  parallel  to  h'  k.  Where  this  ray  cuts  the  focal 
surface  the  ray  a  h  must  also  cut  the  focal  surface,  and  the  line  d  e 
drawn  frj^  d  therefore  gives  the  direction  of  the  ray  a  6  in  (»". 

Let  a  point  T  (Fig.  46)  be  given :  it  is  desired  to  ascertaio  its  image/. 
For  this  purpose  it  is  neoessary  only  to  determine  the  oonrse  in  (»*  of  two 
rays  prooeeding  from  t*,  and  to  see  where  they  oat  one  another.  Tlie  ray  iJI^ 
passes  as  y  6  throngh  tiie  yitreons  hnmour  (compare  1),  the  ray  ^  a,  parallel 
to  the  axis,  cuts  the  axis  in  the  posterior  focal  surface  at  ^'  and  interseots 
k'  binf.  In  /,  therefore,  the  image  of  t*  should  lie,  if  the  Titreons  hnnunir 
extends  so  far:  its  Tirtttai  image  lies  there. 

XXYI. — CaleuUtUon  of  the  jtotttwn  and  magmtudB  qf  the  dioptrie  unoffm 

of  the  eye. 

"Enm  the  foregoing  oonstroetions  it  appears,  tiiat  the  oardinal  points  of 
a  compoond  system  bong  known,  the  position  and  magnitude  of  llie 
dioptrio  imcges  of  the  eye  are  to  he  ealenlated  aooording  to  the  same  for- 
multtySs  in  the  ease  of  a  simple  refracting  surface. 

A'  f  =  k'  if,'  (Fig.  47)  is  the  anterior  focal  distance  F'  =  G', 
A'  /  =  ^    i&  the  posterior  principal  focal  distanoe  F'  = 


Fig.  47. 


ft — *  

-I 

It 

Let  t  now  be  a  point  of  light,  J  its  image^  then 


Acoording  to  the  formula  (3  il  or  ()  we  oan  now  oaloulate  the  position 

of  i,  itfotff  be  given,  and  vice  vend  (aooording  to  the  formula  3a  and 

3  c)  the  position  of    \Sf  or  (fhe  known. 

Of  this  formula  we  shall  here  make  use,  in  order  to  calculate  at  what 
distance  </  (reckoned  from  A),  the  diagrammatic  eye,  accommodated  for  near 
objects,  sees  accurately. 
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In  tldi  eye  (compare  XXIV.)  ^'  liee  20-348  —  e-974  =  13*274  mm.  be- 
hind Jb*.  Oo&Mquently  Cf  »  13-274.  The  ntma  Uee  22*231  —  6-974  s 
15-257  mm.  behind      Henoe/  as  15-257»  &  —  6-615  +  11-241  =  17-756 

Now  we  find  0"=  ^        =  1 136-6  mm.  =  5  047  Parisian  inches.  This  is 

(f  —G' 

the  nearest  point  of  distinct  vision  ;  the  farthest  (diagrammatic  eye,  accom- 
modated for  distance)  lies  at  an  iutinite  distance.  This  ran;;e  of  aooommo- 
dation  of  1  :  50J7  corresponds  to  that  of  the  a^i;L'  of  about  20  years. 

la  the  eye  the  two  nodal  points  lie  m  close  to  one  another,  and  in 
OTdinaiy  Tisbn  j<  is  lo  muoh  lai^^  than  that,  just  as  in  a  single  refraot- 
ing  siiiiaoe»  we  nay  draw  the  lines  of  direetion  of  the  objeot  immediately 
thvongh  the  poelerior  nodal  point,  without  taking  the  anterior  into  oon- 
sideration.  The  magnitudes  of  olgeot  and  image  are  therefore  propor- 
tional  to  their  distances  fiom  the  posterior  nodal  point  If.  In  the  diagran^ 
matic  eye  the  last  distance  amoonta  to  14*858  mm.  Now  if  the  object  lies 
14'8ol  metres  from  the  eye,  the  image  is  a  thousand  times  smaller  than 
the  objeot. 

XXVII. — Otv^fQintMi  of  It  and  P,  deduced  from  fneoiwementt  on  the  eye 

ami  optoimtricaliy  determined. 

In  XXVI.  we  calenlated  the  fiuthest  and  nearest  points  of  distinot  vision  of 
tlie  diagmmmatio  eye.  Now  Dr.  Knapp  has  in  four  eyes,  from  the  radii  of  eur^ 
▼nture  and  the  position  of  the  refracting  surfaces,  together  with  the  two  limits 
of  accommodation,  calculated  the  position  of  the  cardinal  i)oiut8,  and  thenoe 
deducod  the  nearest  and  furthest  paints  of  distinct  vision  with  the  range  of 
accommodation.  Now  it  was  extremely  important  to  see  how  far  these 
results  of  measurement  and  calculation  agreed  with  those  of  the  simple 
uptometrical  investigation  in  the  same  persons.  The  result  is,  that  in  three 
of  the  four  persons  the  agreement  is  aa  great  as  could  be  expected  in  the 
difficult  and  oomplieated  mode  of  determiaiag  the  surfaoes  of  curvature. 
There  was  found  (compare  ^rcAio/.  Ophihalmohgm,  Bd.  YIII.  2. 138) : 


I 

I  M— wi wmgmim 9t tkm         optom.  t>  i.  ii 


L 

1:6-207 

1:3-053 

IL 

1: 1-227 

1:4064 

nr. 

1::]S8;3 

1:4-248 

IV. 

1:3  681 

1:3-214 

I  !  I 

If  it  were  necessary,  we  might  in  this  agreement  find  a  fteah  argument 
in  favour  of  the  view,  that  the  aeoommodation  depends  exolusirely  upon 
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an  altcntioii  of  the  system  of  the  ciystalline  lens.  If  no  further  fljga- 
ments  an  neoenaiy  to  this  end,  this  agreement  eatabliahes  the  eorreotiiefla 
of  Dr.  Enapp's  meaeniemente. 


SECOND  PABT. 
^  RAvex  or  Aooommodatioit. 

XXVIIl. — Ibmidatiim  and  de/Mion  of  the  range  qfaeeammodoHan* 

The  measure  of  the  range  of  ncoommodation  mnst  be  connected  with  the 
change  which  takes  place  in  aooommodation  in  the  eye.    If  the  power  of 
aooommodation  dq^ended,  ai  was  formerly  supposed,  on  a  prolongatioii  of 
fhe  axle  of  'nnoiif  fhe  nnmerioal  expression  of  the  range  of  aooommodation 
should  be  aonght  in  the  amonnt  of  this  prolongation*  The  alteration  wfaioh 
takee  plaoe  in  the  eye  in  aooommodation  is,  howe?er,  of  a  whoUj  different 
nature,  and  is  confined,  as  we  hare  seen,  to  the  system  of  the  orystalline 
lens :  the  anterior  surface  increases  oonsiderahly  in  convexity,  and  at  the 
same  time  advances  more  forward,  the  posterior  surface  becomes  a  little 
more  convex,  without  going  backward,  and  with  these  complicated  modifica- 
tions the  position  of  the  cardinal  points  of  the  lens,  and,  at  the  same  time, 
that  of  the  cardinal  points  of  tho  whole  eye,  is  altered.  The  chief  point,  there- 
fore, which  presents  itself  is:  the  shortening  of  the  focal  distance  of  the  lens ; 
that  is,  as  if  the  orystalline  reoeiyed  the  addition  of  a  positiTe  lens.  Sow 
from  the  fooal  distance  A,  of  snoh  an  auxiliary  lens,  is  the  range  of  aeoom> 
modation  to  be  determined,  and  as  the  power  of  a  lens  is  inversely  propw^ 
tional  to  its  focal  distance,  the  numerical  expression  of  the  range  of  aooom- 
modation becomes  1  :  A.    We  can  by  investigation  determine  the  distance 
J2  of  the  farthest  point  r,  and  the  distant  F  of  the  nearest  point  p,  both 

redkoned  to  the  eye.  From  these  distanoes  ^  must  be  deduced,  and  if  the 

position  and  radius  of  curvature  of  all  refracting  surfaces  of  the  eye,  in 
aocommodatiou  for  r  and  for    are  not  known,  we  have  no  other  data.  Now 

we  have  assumed  p'  —  ^  ^  ^  *  namely,  proceeding  from  the 

nearest  point  of  distinet  vision,  shall  appear  to  prooeed  firam  tiie  ftr* 
theet  point,  when  (P  and  It  being  reokooed  to  the  eornea)  they  are  re- 
fected by  a  lens  /  with  focal  distance  A  (oompaxe  formula,  p^  28).  Thus,  if 
such  a  lens  be  placed  immediately  before  the  cornea,  it  represents  the  range 
of  accommodation  so  far,  that  without  the  lens  the  rays  proceeding  from  r, 
with  the  lens,  those  proceeding  from    come  to  a  point  upon  the  retina.  But 

by  this  the  expression  p'^  'j^^  yet  justified.  The  lens,  namely, 
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whieh  k  addod  to  the  eye  in  leoommodatioa  for  lies  m  and  not  hefort 
the  eye^  and  it  thus  produoet  other  modifioatlonB  in  the  poeition  of  the 
eewHiinl  peinte  then  aeeominodetiwi  ibr  near  olgeota.  Koreofer,  with  the 
dilB»eiiee  of  poiitioa  a  diiBMrenee  of  foeal  diataaoe  of  the  anziliaiy  leu 

win  be  oomUned,  and  eonseqaently      ^  p  —  ^  means  Ihe 

lens,  which  the  crystalline  of  the  eye  adds  to  it«elf  in  accommodation  for  p. 
The  question  therefore  is,  whether  we  may  consider  this  formula  as  the 
numerical  expression  of  the  range  of  accommodation. 

Evidently  we  here  deal  only  with  proportional  magnitudes.  The  formula 
moat  eerve  na»  to  eompaie  leeipfoeally  tiie  diflbrent  Talma  of  the  range  of 
MOOBimodation  under  Taiioos  eironmateneei.  Now  if  the  alteration  of  the 
enyataUine  Ism,  althongfa  not  altogether  eqnal,  he  at  leaat  eoffloientljr  pn>- 

portional  to  ^  =  —  --^t  this  formula  fulfils  all  requirements  and  re- 
presents alao  the  ohangea  in  the  eje.  It  shall  be  shown  that  this  is  aotaaliy 
the  case. 


XXIX. — IkiUrmmaiion  of  ike  range  of  aceommodaUom  by  the  fbeal  tKttanee 
of  a  Ims,  w&h  «tt  nodai  fouU  uiuaUd  m  one  qf  the  nodal  pomie  the 
syv* 

In  XXVI.  the  distance  ^  from  the  first  nodal  point  to  the  objeot,  for 
which  the  eyes  were  accommodated,  was  calculated  from  the  position  of 
the  retina  and  of  the  cardinal  points  in  given  eyes.  Vice  versa,  we  may 
from  (/  and  rf  deduce  the  position  of  the  cardinal  points  of  the  system. 
We  start  from  the  formula  (3  b). 

y  -f-  y  ss  1,  and  ainee, 

if 

-f^  It 

Knowing  and  it  now  immediately  follows,  what  lens  the  eye  has 
added  to  itself,  to  be  accommodated  to  the  distance  ^.  In  this  we  suppose 
that  the  nodal  points  of  the  eye  have  continued  unaltered,  which,  as  is 
evident  from  what  has  been  above  advanced,  is  the  case,  when  the  infinitely 
thin  auxiliary  lens  stands  in  die  titreona  hnBMmr  ttid  iti  nodal  point 
eoineidea  with  the  poaterior  nodal  point  of  the  eje,  or  ttanda  in  the  air. 


we  have 
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iti  nodal  point  ooinoMing  with  the  antorior  nodal  point  of  tlio  oya.  W« 
■lart  from  a  system  represented  ia  Fig.  48,  system  .if  whoso  posterior 
focus  =  ^'  lioi  ia  tho  lotina  X  X.  In  this  system  the  fool  change,  and  in- 
deed 80  (compare  system  B]  that  the  ima^c  J  of  tho  point  i  now  comes  to 

lie  in  XX,  whore,  in  system  A  the  focus  <p"  lav.   The  question  therefore  is, 
what  ia  the  focal  distauce  L"  of  the  auxiliary  lens  in  the  vitreous  Immour 
which  should  remove  the  posterior  focus  from  J  to        Evidently  this  lens 
must  make  the  rays,  which,  arrived  at  k'  converge  to  j\  converge  to  tp" 

Now  k"  =:  or,  krj  =  iT.  ConsequenUy  ^  -  ^ = Thotefor©  the 
auxiliary  lens  which  changes  system  A  into  system  B  is  -^^ 

The  qneition  is,  forther,  in  what  nlatioa  doea  <^  —  y  stand  to  g 

(=  k  i).   As  we  have  seen 

Conioqnentl  j»  L  u.  "  —  L 

1  _  1  n 

1  ft 

Henoe  it  appears  that  '   CSonaequently,  to  bring  an  eye  whieh  ia 

.  .  .  *J 

accommodated  lor  iniimte  distance,  to  the  distance  </,  an  auxiliary  lens  of 
X' fooal  distaooo  is  requiied.  If  i2  be  not  infinite,  we  may  suppose 

that  an  aipuUary  lens  !^  was  already  present,  and  that  in  accommodation 

for  the  nearest  point  an  auxiliaiy  lens  of  ^  is  required,  in  which  case  the 

diflbrenoe  between  these  two  auxiliary  lenses  ■?  —    expreasee  the  lange  of 

P  It 

aoGommodation.    We  thus  obtain,  as  a  general  formula, 

1   n     n  n 

andif  JBsQo 

1  >-  » 

The  fomnla  in  agreement  with  onr  formnla,  makes  the  range  of  ao» 
eommodation  dependent  on  the  &otor-^  —  ^    Bnt  we  have  assumed 

It  M 

1 _ 1        I         ,^  , 

^  —  p    j^t  ana  nna 

oonsequently 
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Xhe  focal  distance  of  the  lens  required,  placed  iu  the  Titreoua  humour,  is 
ihmtibn  n  Hmm  duntar  than  wm  Mramed  in  tht  fbrmola  for  the  range  of 

mtkjf  htfwwir,  alio  mppoM  the  auxiliary  lent  to  fee  titoatod  in  air, 

md  iti  nodal  point  to  coinoida  wifh    of  the  eye.   It  is  indeed  true  that 
Uiere  is  no  air  in  itr" ;  but  a  ■jratem  might  be  constnuited»  whose  cardinal 
points  should  have  the  same  position  as  those  of  the  eye,  and  wherein  air 
should  really  be  present  in  k'.    Moreover,  there  are  lenses  (although  not  in- 
finitely thin)  whose  nodal  points  lie  without  the  mass  of  the  glass,  and  of 
such  we  therefore  may  suppose,  although  they  are  placed  before  the  eye, 
thaX  the  nodal  point  coincides  with  the  anterior  nodal  point  of  the  eye. 
But  apart  firom  this,  we  may  imagine  tlie  eye  away,  and  the  anadliaiy  leaa 
plaeed  in  air,  its  nodal  point  eainoiding  with  A^.  Befraeted  by  this  lens, 
the  rays  ate  altered  as  to  their  diieetion.  We  may  now  suppose  the  direo- 
tion  to  be  prolonged  baekwardi,  and  that  the  rays  already  had  this  direction 
when  they  fell  upon  the  cornea.   11^  therefore,  R  he  the  distanoe  from  the 
farthest  point  to  A^,  P  that  of  the  nearest  point  to  if,  L  the  required  focal 
distanoe,  then 

-L  — 2.  — i-—  ^ 
L     P  R^A* 

and  L'^A. 

The  foeal  distance  of  the  lens  may  therefore  be  fi  timea  greater,  when  in 

sir,  than  when  it  is  preeent  in  the  Titreous  hnmonr.  The  oorreotness  of  this 

is  easily  seen.  In  order  to  make  the  focal  distances  of  the  eye  aeoonuno- 
dalsd  to  the  farthest  and  nearest  points  eqnal,  the  auxiliary  lens,  standing 
in  air,  mnst  displace  the  focus  of  parallel  rays  coming  from  behind  from  ^ 

toCT:  Itmnst  bel  =  l-  4-=4- 

If  it  be  in  the  vitreous  humour,  it  must  displace  the  focus  of  rays  coming 
from  before  from  y'  to  G^,    It  mnst  therefore  be 
1      n   fi   II 

'V'G'  Va 


XXX. — Compari$on  of  the  obtained  formula     ^  p  ~~  result* 

In  the  foregoing  consideration  (XXIX.)  it  was  assumed  that,  in  accom- 
modation of  the  eye  for  p,  while  the  focal  distances  become  shorter,  the  nodal 
pcists  maintain  their  ^aee  nnaltersd.  System  A  (Fig.  49)  should  he 
changed  into  qrstem  B,  In  both  systems  1^  must  be  a: «  iff',  that  is, 
6^  as  «  ^.  In  this  is  induded  that  the  principal  points  A'  h*  Bfcewise 
change  their  position.  In  fact  h'  ^'  must  be  =  ^'  and  h'  f'  as  k  <p'.  If 
we  call  ij  the  approximation  of  ^"  to  k",  that  of  ^'  to  A'  will  be  =  n  ij.  Now 
in  order  that  ^'  h'  =  ^'  A',  W  must  recede,  and  the  amount  of  this  recession 
=  n  ij  —  ij  or  i j  (n  —  1)  is  pretty  considerable. 

Hence  it  appears,  that  the  cliange  produced  by  placing  an  auxiliary 
kns  with  its  nodal  point  in  the  nodal  point  of  the  eye,  diifers  not  in- 
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considerably  from  the  change  in  accommodation  for  near  objects.  Yet 
in  this  the  prinoipal  points  are  eoaroely  displaced  btekwifd,  the  noditl 

Fig.  48. 


4< 


i 


Fig.  49. 


3k 


Fig.  60. 
k 


3^ 


points,  on  Uie  oontrtry,  ad?aDoe  prettj  considerably,  and  the  anterior  focus 
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at  the  same  tiaM  aaqniica  a  dUFcreot  podtmn  (compan  ■jatemt  C  and  D  of 

Fig.  43). 

It  therefore  appears  doubtful  whether  the  change  in  focal  dirtanec  wliich 
th©  crystalline  lens  undergoes  in  acoommodation  is  nearly  proportional  to 
the  focfkl  distance  of  the  supposed  auxiliary  lens,  that  is  to  tho  value  of 

^  ia  the  formola-i  =s  1.  _  2^    This  we  miift  therefore  inveetigate.  We 


ploy  fat  this  purpose  the  diagrammatio  eye  assumed  by  Ilelmholtz,  and 
the  xcanlts  of  the  measaiements  ohtaiBed  by  l^bapp  in  four  eyes. 


Focal  DUtance  of  t  hf 


f 


38- 1 76 
37-706 
41-449 
43133 


707 


I'.Fa 
]_  1 
Fp~Fr 


l:19(i-7 
1:129*9 

1:122-1 
1:112 

1:148-8 


172-4 
118-6 
109*16 
100*97 

136*6 


R 


00 
00 
00 
00 


1    1  1 

1  1 
'  A 

1:172-4 

0-8763 

1:118-6 

0*9132 

1:10916 

0Sf»4 

1:100-97 

0-9016 

1:136-6 

0918 

Xt  spears  that  the  value  ^  ;      it  is  true,  is  no  lixed  coefhcient,  that 

Fq  a 


juently  no  perfect  proportion  exists  between  the  calculated  auxiliary 

lens,  corresponding  to  our  formula  of  the  range  of  accommodation,  and  the 

actual  alteration  of  the  crystalline  lens,  but  that  neverlhekss  we  come 

sufficiently  near  the  truth  in  assuming  that  the  crystalline  lena  in  accom* 

9  1 
modation  has  leoeiTed  the  addition  of  a  lens,  having      of  the  power  of 

the  focal  distance  of  which  consequently  amouuts  to  This  result  is 

not  withont  importanoe.  The  formula  ^  — =  I  thus  beoomes  more  than 

a  mathematical  fiction,  it  acquires  a  physiological  signification. 

§  37.  If  we  observe  Uiat  the  change  in  the  lenticular  system  consists 
almost  exclusively  in  the  application  of  a  positive  meniscus  to  the  anterior 
surface  of  the  crystalline  leus,  we  rcudily  arrive  at  the  conclusion  that  au 
auxiliary  lens,  plaoed  befara  the  OfystaUine,  should  alter  the  cardinal  points 
of  the  eye  in  endi  a  manner  as  aotnally  takes  plaee  in  aooommodation,  and 
should  therefine  moat  aocnrately  expveas  the  range  of  aooommodation.  This 
last  we  ean  easfly  test  Let,  namely  (Fig.  50),  be  the  posterior  fiNma 
of  the  oovnea  C  C  for  rays  prooeeding  from  the  farthest  point ;  p  for  rays, 
piooeeding  from  the  nearest  point,  then  the  auxiliary  lens  /  must  make 
the  rays  oonvergiog  to  p'  converge  to  f before  they  reach  the  crystalline 
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lens.  If  d  bo  the  distance  from  tho  principal  point  h  of  the  auxiliary  lens  of 
the  oornea,  A  f^F',  Ay  =/'  thon  J.--  ^X^  — — i_ 

For  d  let  Hi  pot  two  millimMnfl.  It  is  tmo^  the  aaterior  mstM  of  the 
eiystalline  lens  lies  fiurther  vemoTed  from  the  oomea;  bnt  th*  auxiliary 
lens  /,  which  in  a  certain  sense  places  itself  before  the  crystalline,  has  the 
form  of  a  positive  meniscas,  whose  principal  points  are  situated  in  front  of  tho 
convex  surface,  and  the  infinitely  thin  lens,  which  is  supposed  to  contain  the 
meniscus,  must,  in  order  to  have  such  an  action,  stand  in  its  second  principal 
point.  Now,  in  the  diagrammatic  eye,  the  radius  of  tho  cornea  =  8  mm., 
the  focal  distances  of  the  cornea  JF*  =  23*692  and  =  31*692  mm. ;  p  lies,  in 
accommodation  for  near  objects,  as  we  have  seen,  136*6  mm.  from  the  nodal 
point,  thMwfoie  186^ — 6*5  ss  180*1  mm.  i=f)  from  tiM  oonma. 

The  fwaMfff  of  rays  piooeeding  ham  p  oonaeqiuiitly  lies  mt 


=3  38*78. 


31  692  X  1301 
130^1  —  23G92 

The  rays  proceeding  from  the  farthest  point  r  converge  in  ^'  at  31 -692  ; 
those  proceeding  from  the  nearest  point  p  in  ;/  at  38-75  behind  the  cornea. 
At  2  mm.  behind  the  cornea,  tlierefore  the  distance  of  the  points  of  con- 
vergence amounts  to  29-692  and  86*76  mm.   To  direct  rays  converging  at 

29*092  X  80>75 

36*76  to  29*692,  an  auxiliary  lens  of  ^  185  mm.  is  neownty. 

Wo  may  make  the  lame  caloolatioii  for  all  the  Ibiir  eyes  meenued  by 
Knapp.  In  doing  so,  we  ahould  come  nearest  the  truth,  by  taking  into  ao< 
eoant,  in  each  particular  case,  the  found  radius  of  the  cornea  and  the  depth 

of  position  of  the  crystalline  lens.  But  if  we  start  also  from  fixed  focal 
distances  of  the  cornea,  the  anterior  surface  of  the  lens  being  situated  at 
2  mm.  from  the  cornea,  tho  auxiliary  lens  found  by  calculation  comes  really 
very  near  the  alteration  of  the  crystalline.  This  appears  from  the  following 
numbers : 


1  :J?b 
1  _  1 

Fp  Fr 


L 
11. 
III. 
IV. 
DiagrtMu- 
matio 
Kye 


} 


190-7 
129*9 
1221 
112 

148*8 


T'  I 

T'o«t  prior 

f.  cal  (listMICC 

Qf  the  cornea. 


I 


31  692 
1  31-092 


31*692 
81*692 


165-9 
112-5 
1033 
05r00 


31*692  I  1301 


r 


Foon*  of  the 
cornea  for  rajii  pro- 


1:(1?^— 2)-.l:(/*^2; 


30  97 
40-15 
41*22 
42*21 

38*76 


190  0 
133-9 
121  9 
113*5 

155 


In  thus  appears,  that  an  infinitely  thin  auxiliary  lens,  placed  2  mm.  be- 
hind the  oomea,  in  the  four  eye*  measored  by  Knapp,  almost  exaotly  eone- 
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iipomda  to  the  alteration  of  refraction  of  the  lens.  If  it  were  now  desired  to 
ezprew  hy  nidi  a  lens  the  range  of  aooomiiiodAtio&,  a  taUe  may  euiljr  be 
pve|Mu«d  of  the  Tilne  of  f  for  the  diffairait  optomotrioally-fonnd  valnet  of 
J*.  Bat  in  UucA  it  nmst  be  eaUed  an  aoddent»  tiiat  in  the  awumption  of  a 
position  of  tiie  auxiliary  lens,  unaltered  at  2  mm.  bdiiod  the  cornea,  eo 
muoli  agreement  is  found.  The  position  has,  in  fact,  a  very  great  influence. 
If,  for  example,  tho  auxiliary  lens  Eea  at  4,  inttoad  of  at  2  mm,  behind  the 
oornea,  the  numbera  change — 


Tkevefivre  it  is  not  strange  that  the  diagrammatio  eje  doea  not  answer 
when  d  is  assumed  =  2  mm.  In  this  ease  d  should  amount  to  abont  2f .  In 

the  seeood  eye,  also  measured  by  Enapp,  some  deyiation  appears.  In  both 
instances  this  is  to  be  ascribed  principally  to  the  fact,  that  the  anterior 
surface  of  the  crystalline  lens  lies  more  deeply,  and  thus  the  distance  of 
2  mm.  for  the  auxiliary  lens  is  not  quite  sufficient. 

Hence  it  appears,  that  if  it  were  desired  from  r  and  p  to  calculate  the 
auxiliary  lens  at  the  crystalline,  we  must  likewise  determine  the  place  of 
the  anterior  surface  of  the  oiystalline,  and  this  involves  a  difficulty  of  time 
and  means,  without  leading  to  more  aoeurate  knowledge  than  is  attainable 

faj  the  application  of  the  simple  formula^       —       We  keep  therefore 

to  tUa  fbrmola,  which  for  the  determination  of  the  range  of  accommodation 
supposes  only  the  optometrical  determination  of  p  and  r  (calculated  to  the 
nodal  point  at  about  7  mm.  behind  the  cornea),  and  thus  recommends  itself 
Ibr  praotioal  utility.   If  we  wish  to  know  what  auxiliary  lens  has  been 

applied  to  the  eiystslline,  we  multiply  the  result  obtained     bj  the  ooSIB- 

oient  0-9.  We  thus  come  certainly  Tory  near  the  truth.  Tho  iniluenoe  of 
ametropia,  and  of  the  use  of  speetaeles  and  eye-glasses  on  the  range  of  ao- 
eommodation,  shall  hereafter  be  ezamioed. 


/  172-9 
118-3 
107-8 
100*6 
V  186-3 
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CHAPTER  II. 


DEFECTS  OF  HEFEACTION  AND  ACCOMMODATION  IN 

GENERAL. 

§  6. — Distinction  between  depects  of  bbvracxion  axd  of 

ACCOMMUDAIiON. 

* 

HiTHBBTO  the  defects  of  lefinction  and  of  accommodstioii  have 
been  more  or  less  mixed  up  one  with  another.   Tiaa  confusion  was 

an  impediment  to  the  clearness  of  description,  which  in  this  depart- 
ment parti(Milarly,  is  absolutely  necessary  to  the  correct  appreciation 
of  the  subject.  The  ideas  of  refraction  and  of  accommodation  must 
tlierefore  in  tlie  first  instance  bi;  accurately  distini^uished  from  one 
another.  It  wiil  then  not  be  difficult  subsequently  to  recal  the  con- 
nexion, so  far  as  may  be  necessary,  between  the  two. 

By  refraction  of  the  eye,  we  understand  its  refraction  in  the  state 
of  rest ;  th:it  is,  the  refraction  which  the  eye  possesses  in  virtue  of  its 
form  and  of  that  of  its  component  parts,  independently  of  muscular 
action,  independently  of  acconmiodation.  The  term,  thoefore,  applies 
to  the  refraction  of  the  eye  whose  muscles  of  accommodation  are 
inactive  or  paralysed  (for  example  under  the  influence  of  atropui),  to 
the  refraction  also  of  die  dead,  but  as  yet  otherwise  unaltered  eye. 

To  begin  with  refraction,  in  the  condition  of  relaxation  proper,  the 
eye  possesses  a  power  of  accommodation.  The  farthest  poiut  of  dis- 
tinct vision,  therefore,  corresponds  to  the  state  of  rest  of  accommoda- 
tion. Now,  so  soon  as  the  action  of  accommodation  occurs,  the  eye 
becomes  adjusted  to  an  adjoinintj:  pointy  and  it  is  by  (limimition  of 
this  active  operation  that  it  is  subsequently  capable  of  seeing  a  more 
remote  point.  Uence,  accommodation  for  an  adjoining  object  alone 
is  an  active  operation  (compare  §3).  The  stronger  this  action  is, 
the  nearer  is  the  accurately  seen  point.  Accommodatwn  is,  tkerefont 
ike  voluntary  aeUon  wAereby  ike  eye  becomes  a^usied  to  a  nearer 
point  iJkan  ie  the  eaee  in  the  etaie  ofreet  aceommodation. 

Hence  it  appears,  that  refraction  is  dependent  on  the  anatomical 
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condition  of  the  component  parts  of  the  eye;  accommodation^  on  the 
oontraiy,  depends  npon  the  physiological  action  of  mosdes. 

With  regard  to  refiactionj  we  call  the  stracture  of  the  eye  nonnaly 
when,  in  the  state  of  rest,  it  brings  the  rays  derived  from  infinitely 
distant  objects  to  a  focns  exactly  on  the  anterior  snrface  of  the  layer 
of  rods  and  bulbs ;  in  other  words,  when  parallel  incident  rays  unite 
on  that  iaj  er  (in  ^'  Pig.  51).  The  farthest  point  of  such  an  eye  lies  at 

Fig.  51. 


an  infinite  distance.  If  convergent  rays  are  also  capable  of  being 
bronght  to  a  focns,  the  eye  possesses  something  which  it  does  not 
need :  for  from  all  objects  proceed  divergent  or  at  most  parallel  rays. 
If  on  the  contrary,  the  fivthest  point  lies  not  at  an  infinit<v  but  at  a 
finite  distance,  vision  is  indistinct  throughout  a  great  part  of  the 
space.  Consequently  the  r^rodum  of  the  media  of  the  eye  at  rest 
can  be  called  normal  in  reference  to  the  situation  of  the  retina,  only 
wlicn  parallel  incident  rays  unite  on  the  layer  of  rods  and  bulbs. 
Then,  in  fact,  the  limit  lies  precisely  at  the  measure;  then  there  exists 
emmet ropia  (from  <>/ifrpop,  moduin  teucns,  and  or^,  oculus).  Such 
an  eye  we  term  cmmctroync. 

This  name  expresses  perfectly  what  we  mean.  The  eye  cannot  be 
called  a  normal  eye,  for  it  may  veiy  easily  be  abnormal  or  morbid, 
and  nevertheless  it  may  be  emmetropic.  Neither  is  the  expression 
noTmaJlhf  eomtkuded  eye  quite  correct,  for  the  structure  of  an  emme- 
tropic eye  may  in  many  respects  be  abnormal,  and  emmeirtyna 
may  exist  with  difference  of  structure.  Hence  the  word  emmetropia 
appears  alone  to  express  with  precision  and  accuracy  the  condition 
alluded  to. 

Emmetropia  then  is  met  with,  when  the  principal  focns  of  the 
media  of  the  eve  at  rest  falls  on  the  anterior  surface  of  the  most  ex- 
tenial  layer  of  the  retina  (compare  Tig.  51).  This  Ls  the 
simplest  definition. 

The  eye  may  deviate  from  the  emmetropic  condition  in  two  re- 
spects :  the  principal  focus  f'  of  the  eye  at  rest  may  fail  in  front  of 

6 


Digitized  by  Google 


82      DEFLCJS  Or  IlEFRACTlON  AND  ACCOMMODAIiOX. 

(Fig.  52)  or  beAind  (Fig.  53)  the  most  extemal  layer  of  the  letin 

Pig.  62. 


Tn  the  former  case  divergent  (ilotted  in  Fi^.  62),  in  the  hitter  con* 

vorirciit  rays  (dotletl  in  l^g.  53)  conic  to  a  focus  on  the  retina.  Intlia 
first  case,  therefore,  in  the  condition  of  rest,  objects  are  accurately, 
seen  wliich  are  .situated  at  a  dclinite  Unite  disitancc  (Fiu:.  52  /') ;  in 
the  second  thev  are  at  no  distance  accurately  seen,  for  tlie  ravs  in 
falling  upon  the  cornea  must,  in  order  to  unite  in  the  retina,  alre^idyj 
converge  towards  a  jioint  situated  behind  the  eye  (Fig,  53  i).  In  tbe| 
first  case  the  farthest  limit  lies  wilhin  the  normal  measure:  the 
measure  is  too  short,  and  the  condition  might,  thereftire,  he  called 
braehymetropia*  In  the  second  case,  the  boondaij  lies  beyond  the 
measure^  and  I  have,  therefore,  caUed  this  state  ^fpemuiropia. 

Hence  it  is  perfectly  clear,  that  hrachymetropia  and  hypermetropia 
are  two  opposite  conditions. 

The  definitions  are  now  extremely  sunple :  the  posterior  principal 
focus  /  of  tlie  media  of  the  eye  at  rest  falls : — 

in  EMMETiioriA  on  the  most  external  hiyer  of  the  retina; 
in  nnACiiYMETUOPiA  7?/ /ro»^^  ,,  „ 

in  HYl'Eli.MKTROPIA  Ijt'h'iml  „         „  „ 

in  order  to  express  that  the  eye  is  not  emmetropic,  ^vc  may  use 
the  word  ame^qpia  (from  ^irpot,  extra  modum,  and  u^lr,  oeulus). 
Brachymetropia  and  hypermetropia  are  both,  therefore,  refenible  to 
ametropia. 

Brachymetropia  is  evidently  nothing  else  than  n^opia,  and  it 
appears  preferable  to  use  the  word  myopia,  as  being  an  established 


uiyiii^ca  by  Google 


uiLjiu^ca  by  Google 


i 


i 


1 


MYOPIA  AND  UYP£RM£TaOPIA. 


89 


111.    Tlie  word  brachymotroi)ia  \\as  funned  only  in  contrast  to 
^permctropia,  to  whidi  expression  I  thought  it  right  to  adhere. 
Hence  it  is  evident  tliat  myopia  and  hypermetropia  are  opposite 
>lidilioiis.  That  myopia  is  of  very  frequent  occurrence,  and  is  to  be 
i^idered  as  an  importaut  coudiUOD,  has  long  been  admitted.  Still 
>re  oommon,  however,  and  more  important  in  its  lesults  is  hjper- 
tropia,  which  has  hitherto  been  for  the  most  part  either  OTer- 
)kedy  or  oonfonnded  nith  other  states. 

I  repeat^  what^  in  consequence  of  its  importance,  I  have  already 
prominently  forward,  that  miopia  and  kypermtropia  are  the 
tie  eandUums  (f  ametropia. 
Prom  the  definitions  given  of  anomalies  of  refraction,  it  has  been 

10 wn,  that  the  (Hstance  R  of  the  farthest  point  of  distinct  vision 
the  foundation  on  whicli  they  rest.    The  shortening  of  the  focal 
stance,  wlierehy  adjoining  points  hecome  accurately  visible,  is  the 
rork  of  the  muscles  of  accommodation.    Under  the  maximum  action 
these  muscles  the  eye  is  adapted  to  the  distance  P  of  its  nearest 
>int.   Now  we  found  as  a  nomencal  expression  for  the  range  of 

keummodation  A~  =  t»  —  t>'  "^^^  range  of  accoimnodation  di- 

inishes,  as  shall  hereafter  be  more  particularly  pointed  oat,  with 
LvandBg  years.  At  the  same  time  R  may  remain  almost  unaltered, 
id  P  thus  becomes  greater.  The  result  of  this  is,  that  in  the  emme- 
>pic  eye  the  nearest  point  is  at  a  certsin  poiod  of  life  removed  so 

ar  from  the  eye,  that  more  minute  operations  can  no  longer  be  wcH 
pi.  riorined  with  near  objects.    This  condilion  of  the  eye  is  called 
\jireshijopia.    Presbyopia  therefore  exists,  when,  in  conseqitcncc  nf  the 
increase  of  years,  with  dirninution  of  the  ranye  if  accomtnodaiionf  the 
nearfnf  pnint  has  been  removed  too  far  from  thi'  eye. 

Formerly  writers  were  in  the  habit  of  contrasting  presbyopia  with 
lll^opia.  Apparently  this  was  qnite  correct.  But  in  myopia  only 
neir,  and  in  presbyopia  only  distant,  objects  can  be  distinctly  seen.  In 
myopia  they  found  "the  mean  distance  of  distinct  vision"  to  be 
situated  too  near  the  ^e,  in  presbyopia  too  far  from  it.  Thus  they 
would  feel  obliged,  while  they  either  overlooked  hypermetropia,  or 
coofounded  it  with  presbyopia,  to  place  myopia  and  presbyopia 
directly  agsinst  one  another,  to  regard  them  as  deviations,  similar  in 
nature,  but  opposite  in  direction. 

On  closer  examination  it  appears,  however,  that  such  opposition  is 

illogical.    Tiie  fact  is,  that  both  in  an  anatomical  and  in  a  physio- 
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logical  point  of  view,  invopia  and  presbyopia  belong  to  very  ditFennt 
categories.  Myopia  is  based  upon  an  abnormal  construction  of  the 
eye;  presbyopia  is  the  normal  condition  of  tlie  normally  constructed 
eye  at  a  more  advanced  period  of  life.  In  myopia  the  power  of  ac- 
commodatiou  posdesses  the  normal  rauge ;  presbyopia  on  the  contrar}' 
18  based  upon  diminished  range  of  accommodation^  as  the  natural 
result  of  advancing  life.  Myopia^  finally,  rests  upon  an  abnormal 
situation  of  the  fartkeH  point  of  distinct  vision ;  presbyopia^  on  the 
other  hand,  on  an  altered  situation  of  the  nearest  point.  So  little  are 
myopia  and  presbyopia  opposite  conditions,  that  they  may  both  occur 
simultaneously  in  the  same  eye.  An  eye,  for  example,  which  can  see 
accurately  only  from  20'  to  14',  is  at  the  same  time  myopic  and 
j)resbyopic  :  the  fartlicst  point  of  distinct  vision  is  situated  at  too 
short,  the  nearest  ])oint  at  too  great  a  distance. 

Hence  we  may  consider  it  to  be  fully  })roved  and  demonstrated 

1 .  That  myopia  and  hypermetropia  are  to  be  regarded  as  opposite 
conditions. 

2.  That  it  is  illogical  and  unpractical  to  contrast  myopia  and 
presbyopia  with  one  another. 

With  respect  to  presbyopia,  this  state  is  no  anomaly,  but  rather 
the  normal  condition  of  the  normally  constructed,  emmetropic  eye,  at 
a  more  advanced  period  of  life.  Were  presbyopia  an  anomaly,  it 
should  not  be  looked  upon  as  an  anomaly  of  refiraction,  but  of  ac- 
commodation. It  shodd  not  be  classed  with  myopia  and  hyperme- 
tropia, but,  on  the  contrary,  with  the  disturbances  of  accommodation. 
As,  however,  it  is  no  disturbance,  but  a  diininution  of  the  range  of 
accommodation,  it  must  be  treated  of  in  considering  the  influence  of 
the  time  of  life  upon  the  eye. 

Accommodation  is,  as  we  have  seen,  based  upon  a  change  of 
form  of  the  lens,  produced  by  coutcactiou  of  the  internal  muscles  of 
the  eye. 

Hence  it  follows,  that  anomalies  of  accommodation  may  be 
dependent : — 

a.  On  disturbance  in  the  lenticular  system. 
On  distoibance  of  the  internal  musdes. 
Of  the  disturbances  in  the  lenticular  system  the  condition  of  total 
absence  of  the  lens,  which  I  have  termed  aphakia,  comes  almost 
exclusively  under  observation. 

The  disturbances  of  the  muscles  of  accommodation  are  of  a  very 
varying  nature.    Principally  we  shall  have  to  distinguish : — 
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1.  The  weakness  which  not  unfrequently  manifests  itaelf  by  definite 
phenomena  after  diflEerent  exhausting  illnesses. 

2.  The  more  or  less  complete  paralysis,  which,  probably  without 
exception,  is  connected  with  a  nmilar  condition  of  the  M.  sphincter 
iridis,  and  often  occurs  only  as  a  part  of  the  paralysu  of  the  oculo- 
motor nerve. 

3.  The  spasm,  which  occurs  much  more  rarely  than  the  paralysis, 

and,  like  the  latter^  is  based  upon  a  direct  or  indirect  abnormal  ac- 
tion of  the  nrr\'ous  system. 

Besides  tlicserare  forms  of  spasm,  \vc  shall  observe,  as  a //erv  ordi- 
nary phenomenon  in  hypermctropia,  a  persistent  increase  of  contraction 
of  the  muscles  of  ac  commodation  dependent  upon  habit.  This  sub- 
ject shall,  therefore,  be  treated  of  in  speaking  of  hypermctropia. 

Moreover,  it  is  here  to  be  noticed  in  general,  that  the  condition  of 
refraction  exerdses  an  important  influence  on  the  oidinaiy  use  of  the 
range  of  accommodation,  and  consequently  upon  accommodation 
itself.  The  modifications  so  produced  cannot  be  separated  from  the 
states  of  refraction  on  which  they  depend,  and  th^  therefore  come 
with  them  under  consideration.  For  this  and  other  reasons  it  was 
necessary  to  give  an  idea  of  the  subject  of  accommodation,  before 
passing  to  the  description  of  the  anomalies  of  refraction. 

From  the  foregoing,  it  appears  that  our  principal  distinction  it  based  upon 
th»  situation  of  the  farthest  point  of  distinct  vision.  Thus  we  obtain  a 
classification  of  tho  anomalies  of  refraction,  which  of  itself  excludes  a  ODD- 
fusion  of  the  latter  with  the  anoinaliLS  of  accommodation. 

The  question  naturally  arises,  whether  a  classification  resting;  on  tho 
nearest  point  of  distinct  vision,  that  is  upon  P,  may  not  also  be  observed. 
On  a  little  reiiection  it  will,  however,  be  seen,  that  this  would  lead  to  con- 
stant ooafiiiioa  of  the  anomaliei  of  refraotion  and  of  aeoommodation.  In- 
deed  P  depends  upon  both  fketS^  both  on  the  lefiraetion  of  the  eye  at  rcet, 
and  on  the  xan^  of  aoeommodation.  Oonaequently  two  eyes,  in  whioh  P  is 
similar,  may,  with  respeot  to  refraotion  and  aooommodation,  praaent  great 
differences :  it  is  only  neoessary  that  the  diflbrenoes  compensate  one  another 
in  the  two  factors.  A  myopic  eye  with  a  small,  and  a  hypermetropic  eye 
with  a  great,  range  o»  accommodation,  muy  have  tlieir  nearest  point  at  tho 
same  distxince  as  an  emmetropic  eye,  with  an  nvw^^e  range  of  accommoda- 
tion. Xow,  if  they  were  clasi^itied  according  to  tiieir  nearest  point,  all  these 
different  eyea  should  be  referred  to  the  same  category.  Moreove]-,  liow 
ehonld  we,  on  this  basis,  detemiine  the  oatagories?  It  shonU  evidently  be 
dons  ^te  arbitrarily.  We  shonld,  for  example,  diatingnish'— 

A  oategory  with  P  less  than  2*, 

♦f  t*  »t        * » 

fl  II  II  ^'i 
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etc.,  or  choose  other  arbitran,-  numbers.  Lastly,  the  same  eye  should,  in  pro- 
portion as  the  power  of  accommodation  diminished,  belong  each  time  to  a 
different  oategory.  Thie  ie  enough  to  proTO  that  a  dassifieation  of  eyes, 
haeed  upon  the  ahortest  distanoe  of  diitinot  yieion,  is  entirely  unpractieal, 
and  almoet  leads  to  the  absnid.  A  elassifioation  aooording  to  the  mean  dis- 
tanoe of  distinct  vinon,  which  it  has  been  attempted  to  make  by  contrasting 
myopia  and  presbyopia,  is  an  illusion ;  for  a  mean  distance  of  distinct  vision 
does  not  exist,  and  what  does  not  exist  is  oertainly  not  to  be  defined.  (Com- 
pare relative  ninp:e  of  accommodation.) 

On  the  contrary,  a  classification  founded  on  tlie  greatest  distance  of  dis- 
tinct Wsion  is  simple  and  lojjical.  "With  the  kno\vled<2:e  of  J{  wo  jierceive, 
in  the  firs#  place,  whether  an  anomaly  of  refraction  exists.  Taking  the 
time  of  life  into  consideration,  we  can,  moreover,  thence  nearly  determine 
what  P  ought  to  bei  and  if  P  does  not  aotnally  oorreqiond  thereto,  we  may 
infer  the  existenoe  of  an  anomaly  of  aeoommodation. 

§  7.  Gausss  of  ths  Detects  of  EEPfiAcnoN  in  Gensbal. 

In  defiuiiig  the  anomalies  of  accomniodatiou,  tlieir  cause  is  at  the 
same  time  aaaigiied.  For  although  very  dillercnt  morbid  oonditioiis  or 
morbid  processes,  may  give  rise  either  to  paralysis^  or  to  spasm  of  the 
mnsdes  of  aocoimnodatioti^ — ^we  know  that,  in  the  first  case  the  phe- 
nomena are  always  dependent  on  diminished  or  wholly  anested^  in  the 
second  on  involnntarily  exalted  action  of  the  muscles  of  accommodation. 

On  the  cause  of  tlra  anomalies  of  refraction^  on  the  contrary,  the 
dioptric  definition  laid  down  does  not  throw  any  litjht.  They 
arc  defined  simply  as  di.sturl);mccs  of  connexion  in  the  relative 
position  of  principal  focus  and  retina.  On  what  anatomical  or 
physiological  deviation  these  disturbances  of  couucxion  may  depend, 
is  thus  left  undecided. 

This  would  seem  to  be  the  place  to  i^^-^i  of  this  subject  in  general. 
However,  we  here  state  only  what  is  the  rule.  Deviationsi  of  a 
pecoliar  nature,  which  occur  only  sometimes  as  exceptions,  will  come 
under  consideration  first  in  speaking  of  each  of  the  anomalies  in 
detail. 

The  role  is  expressed  in  the  annexed  three  figures.  Fig.  64  is  an 
emmetropic^  Fig.  65  a  myopic,  and  Fig.  66  a  hypermeti()])ic  eye.  It 
immediately  strikes  ns,  that  in  the  myopic  eye  the  axis  of  vision  is 

longer,  while  in  the  hypermetropic  eye  it  is,  on  the  contrary,  shorter, 
than  in  the  emmetropic.  To  this  almost  exclusively  it  is  to  be 
attributed,  that  paralli-l  incident  rays  in  thi^  nivopic  eye,  conic  to  a 
focus  in  front  of,  in  the  hypermetropic,  behind  the  retina.    Of  this 
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difference  in  length  of  the  axis  of  vision  we  can  even  in  life  satisfac  - 


Fig.  55. 


torily  convince  ourselves.  Thus  if  we  cause  the  axis  of  vision  to  be 
as  strongly  as  possi])lc  direckd  outwards,  we  shall  observe  the  slow 
alteration  of  the  arching  of  the  oval  myopic,  and  the  ra})id  change  of 
the  direction  of  the  arching  in  anteriorly  situated  equator  of  the 
hypermetropic  eye.  Moreover,  the  otlier  axes  of  the  myopic  eye 
appear  to  be  longer^  while  those  of  the  hypermetropic  are  shorter  than 
those  of  the  emmetropic  eye. 

Mjopia  and  hjpermefcropia  might  also  be  supposed  to  be  dependent 
on  many  other  canaes.  Anomalies  of  refraction  might  depend  upon 
the  corvatnie  of  the  different  refracting  surfaces  (compare  p.  88)i  as 
well  as  on  the  relative  coefficients  of  the  refraction  of  light.  Theories 
have  not  been  wanting  in  reference  to  this  subject. 

ITie  opinion  has  in  the  first  place  been  rather  generally  enter- 
tained, that  in  myopia  the  cornea  is  mon^  convex.  So  far  as  hy])er- 
metropia  Avas  known,  it  was  supj)osed  to  be  connected  witli  too  li-reat 
flatness  of  the  cornea,  which  was  positively  assumetl  to  exist  in 
presbyopia.  And  on  external  inspection  it  would  really  appear,  as  if 
in  mjopic  individuals  the  cornea  was  more  convex,  while  in  those 
who  are  hypermetropic  and  presbyopic  it  is  Hatter  than  in  emmetropic 
persons.  This  appearance  proceeds  from  the  fact>  that  in  myopia  the 
iris  and  the  crystalline  lens  lie  far  behind  the  cornea,  while  in  hyperme* 
tropia  and  presbyopia  they  are  situated  nearer  to  it.  An  observer  is 
still  fur&er  misled  to  assume  a  difference  in  the  curvature  of  the 
cornea,  as  in  a  myopic  subject  the  entire  globe  of  the  eye  is  more 
prominent,  while  in  the  hy]>ermetropic  it  is  more  sunk  in  the  orbit, 
as  is  often  seen.  But  in  truth,  the  curvature  of  the  cornea  in  ame- 
tropia does  not  essentially  dill'er  from  that  of  cmmetrupia,  and  the 
time  of  life  also  exercises  scarcely  any  iullueuce.    Numerous  uica- 
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surcmeiits  of  tlic  curval  radius  of  the  cornea  have  satisfied  me  on  this 
point.  They  have  shown  rae  that,  quite  contrary  to  what  it  was 
thought  ahould  be  expected,  the  oomea  at  an  advanced  period  of  life 
rather  becomes  a  little  more  convex,  and  that  in  the  extreme  degrees 
of  mjopia,  on  the  contrary,  a  somewhat  flatter  cornea  is  met  with. 
Moreover,  the  radius  of  the  cornea  of  both  eyes  of  the  same  indi- 
Tidnal  seemed  in  general  to  present  no  difference,  or  at  least  a  much 
less  difference  than  usually  occurs  between  comes  of  different  per- 
sons ;  while,  lastly,  the  radius  (as  well  as  the  whole  eye)  is  in  women 
somewhat  shorter  than  in  men. 

Though  in  ordinary  myopia  the  cornea  is  not  more  convex,  it  is 
evident  that,  crferis  jmrihus,  a  trreater  convexity  of  the  cornea  must 
^we  rise  to  myopia,  and  we  shall  liereafter  see  that  ia  diseases  of  the 
cornea  myo])ia  is  occasionally  produced  in  this  way. 

Moreover,  it  naturally  occurs  to  us  to  cousider  the  principal  focal 
distance  of  the  lens  as  a  cause  of  anomalies  of  refraction.   In  con- 
nexion with  it  hoth  the  curvature  of  .the  refracting  surfaces  and  the 
coefficient  of  refraction  may  come  under  notice.   In  advancing  years 
the  lens  becomes  externally  especially  firmer^  and  thus  the  coefficient 
of  refraction  of  the  outer  layers  appears  to  increase.   If  this  actually 
takes  place,  and  if  the  coefficient  of  the  cortical  layers  thus  approaches 
more  to  that  of  the  nucleus,  the  focal  distance  becomes  greater  (com- 
pare p.  39).  On  this  the  diminution  in  advanced  life  of  the  refractive 
condition  of  the  eye  appears  really  to  depnul.    But  beyond  this  nu 
facts  exist,  which  give  us  a  right  to  assume,  tliat  definite  changes  in 
the  focal  distance  of  the  crystalline  lens  usually  occur  in  definite 
anomalies  of  refraction.    In  some  measurements  of  the  surfaces  of 
curvature  of  the  lens  from  eyes  oi.  myopic  persons,  after  death,  I 
found  no  denation ;  it  would  rather  appear  as  if,  in  strongly  hyper- 
metropic individuals,  a  flatter  lens  were  to  be  expected.  Determina- 
tions of  this  kind  during  life  take  up  a  great  defd  of  time,  still  they 
ought  to  be  made.   Of  the  eyes  measured  by  Helmholts,  as  well  as 
among  those  measured  by  Knapp,  there  was  by  accident  one  myopic 
eye.   The  values  found  by  these  observers  do  not  indicate  that  tiie 
lens  in  myopic  subjects  should  present  a  shorter  focal  distance ;  nor 
do  the  results  of  the  removal  of  the  lens  in  myopic  jjatieuts  leatl  to 
this  conclusion,  as  shall  lie  more  fully  sliown  in  treating  of  aphakia. 

Now  if  the  lens  in  myopic  individuals  evidc  ntly  lies  (com[)are  Pig. 
55  with  Fig.  51)  in  geueral  farther  from  the  cornea  than  in  emme- 
tropic persons,  the  focus  of  the  dioptric  system  must  in  the  former  lie 
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even  somewhat  deeper  than  in  the  latter;  and  it  is  in  spite  thereof, 
that  in  consequence  of  the  elongated  axis  of  vision^  myopia  exists. 
In  hypennetropia,  the  lens  being  sitnated  more  anteriorly  (com- 
pare Fig.  56  with  54),  mast,  ceteris  paribus ,  bring  the  principal  focal 
distance  nearer  to  tlie  cornea ;  but,  the  axis  of  vision  being  much 
shorter,  the  principal  focus  still  lies  behind  the  system.  In  both 
cases,  therefore,  the  auouialy  of  refraction  is  rather  compensated 
than  promoted  by  the  lenticular  system. 

As  to  modifications  in  the  coefficients  of  refraction  nothing  is 
known.  Prom  a  theoretic  point  of  view  we  mnat  say,  that  the  index 
of  the  cornea  and  aqueoos  humour  being  greater,  and  that  of  the 
vitreous  humour  being  on  the  contniy  le»,  the  principal  focus  should 
be  removed  forwards  (compare  p.  89). 

The  final  result,  ihaeforet^  remains  what  we  laid  down  in  starting : 
that  myopia  tuuaUy  depends  upon  an  elongation,  and  hypermetropia 
upon  a  shortening,  of  the  axis  of  vision. 

The  measurements  of  the  radius  of  the  ooniea  were  msde  with  the  assist* 
anoe  of  the  ophthalmometer  Ccomparc  p.  17).  They  were  recorded  in  the 
Vtrtlagsn  en  mededeeUngen  der  Koninldijkc  academie  van  Wetenschappen 
(Reports  and  Communications  of  the  lloyal  Acadomy  of  Sciences),  Afd. 
Natuurkunde,  D.  xi.  p.  159,  and  subsequently  in  the  Archiv  f,  Ophthalm,, 
B.  viii.    The  principal  results  are  here  appended  : — 

1.  The  radii  of  the  two  eyes  of  the  same  individual  are  in  general  nearly 
equal.  In  the  atatiatios,  therefore,  when  two  eyes  of  the  same  person  were 
examined,  only  one  mean  ejre  was  taken  into  aooonnt. 

2.  The  radius  m  ths  Bns    vision     amounted  in  mm.  to- 

Maximum.       Minimum.  Average. 

In  men   8-396    7*28  *   7-858 

In  women   8-487    7-115  7*799 

3.  As  to  the  influence  of  time  of  life — 

In  79  men,  avcrai^e  p**  =   =  7-858 

20     „     under  20  years,  average  ^  7  932 

61     »  40  „   =  7-882 

„  28    „    above  40    „        „   =  7*819 

M  U    M       «    60    „   =  7  -809 

In  38  women,aTerage   =  7*799 

„  6    n    under  20  yean   ==  7*720 

„  22     „       „    40    „  average  =  7-799 

^16     „     above  40    „       „   =7-799 

„    2     „        „    80    „       „   =  7*607 

4.  As  to  refraction — 

.  Mn  27  emmetropic  persons,     p**   =  7*785 

2  I  „  25  myopic  „  „   =  7*874 

\  „  26  hypermetropic  „  „   7*98 
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G    In  11  eniBetnpie  penna,   =  7*719 

I  I  „  12  myopic  „  „   =  7  ft67 

^  \  f,  16  hypennetropie  „  „   =  7*787 

6.  laAacBce  of  the  degree  of  miopia  (M>— 

M.  gnaXei  than  i,   =  7  910 

g  hr.     „       ^4     „   =  7  s  >9 

*5  ^  M.  less         „    A*       n   = 

fEmmetr'jpic    —  T'Tn-j) 

g  1  M.  frreater  than  |,    p**    —  l-9:i.j 

I  <  M.  less        „  „   =  7-7?^) 

^  f      (Emmetropic   =  7*719) 

6.  Influence  of  the  de^^vf^e  of  hyp<:rm«tropia  (a.). 

/H  =  i  t/,',     p»   =  7-9S* 

c       =     to  ^      „   =  8-010 

;§(»=Atoi,      „   =  7-939 

V     (EmiiMtropie   »  7*785) 

g  ( H  =  i  to  i»   =  7-876 

I  I  „  =  iormidcr,     „   =7-692 

^  [     (EaunetTOpio   «  7*719) 


§  8.  DiAG&AMHATIC  ££PE£S£NTATION  OF  THE  RiLNGB  OF  ACCOM- 
MODATION^ AND  OF  THE  ANOMALIBS  OF  ftEFEACTIQN  AND  ACCOM* 
MODATION. 

In  §  5  wc  have  seen  what  is  to  be  understood  by  range  of  accom- 
modation. We  describt  d  tlie  faculty  of  aooommodation  as  the 
power  of  the  eye  to  add  to  itself  a  poaitiTe  lens,  and  the  strength  of 
this  lens  was  for  us  the  measure  of  the  range  of  accommodation.  We 
farther  showed,  that  the  focal  distance  of  this  auxiliary  lens  was  im- 
mediately found  by  ascertaining  the  distances  from  the  nearest  and 
farthest  points  of  distinet  vision  to  the  nodal  point  of  the  eye. 
These  distances  we  called  P  and  and  the  range  of  accommodation 
was  then : — 

AT  H 

If    be  the  range  of  accommodation,  A  is  the  focal  distance  of 

the  auxiliary  lens,  which  the  eye  is  capable  of  adding  to  itself. 

AU  this  is  very  clear.  But  it  was  still  a  desideratum^  l)y  means  of 
ft  drawing,  to  make  it  easier.  An  attempt  in  this  direction  suc- 
ceeded beyond  expectation.   Not  only  can  we  in  a  diagram  express 
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the  range  of  acoommodation^  proportional  to  the  length  of  lines, 
but  the  beginning  and      of  the  lines  at  the  same  time  show  p  and 

r,  and  thus  at  once  make  us  acquainted  with  the  degree  of  myopia 
and  hypermetropia  of  the  eye  so  represented.  A  glance  at  the  ap- 
pnided  table  will  demonstrate  this.  The  lengths  of  the  thick  hori- 
zontal hues  represent  the  ranges  of  aerommodation.  Above  the 
slighter  vertical  lines  the  distances  from  the  eye,  at  which  acute 
Tision  takes  place,  arc  noted:  the  numbers  exhibit  (in  Parisian 
inches)  the  distances  whence  rays  must  diverge,  in  order  to  come  to 
a  focus  on  the  retina.  The  explanation  of  a  couple  of  these  lines 
may  serve  to  elocidato  this. 

The  first  transverse  line  represents  the  bonndaries  and  range  of 
accommodation  in  a  child  of  twelve  years.  The  latter  begins  at  oo , 
that  is,  at  an  infinite  distance,  and  terminates  at  2]'.  This  indicates 
that  the  distance  of  the  farthest  point  R  =  oe> ,  while  that  of  the 
nearest  P  =  2 J'.  The  eye  is  therefore  emmetropic^  and  has  a  range 

of  accommodation  A  ^  ~  =  ^  ^  ^™ 
tiie  first  line.  f 

The  fifth  transverse  line  represents  the  bonndaries  of  accommoda- 
tion, and  the  range  of  acconunodation  of  a  young  man,  aged  sixteen. 
The  farthest  point  lies  at  18,  the  nearest  at  2},  inches  from  the  eye 
(11  =  18,  P  =  2j).  lie  is  therefore,  in  the  first  place,  near-sighted, 
and  his  near-sightedness  is  of  that  degree,  that  it  may  be  con-ectcd 

by  ghisses  of  —      (that  is  of  18'  negative  focal  distance). 

Such  glasses  give,  to  the  rays  derived  from  infinitely  remote 
objects,  a  direction  as  if  they  came  from  a  point  IS'  from  the  eye. 

Therefore,  the  degree  of  myopia  is  also  expressed  by       M  =  ^g. 

'  Now  if,  moreover,  the  nearest  point  lies  at  2i,  we  find  as  the  range  of 

accommodation  ^  ^  ^      ^       ^  included  in  the  fifth  line. 

The  principle  involved  in  this  diagrammatic  representation  is 

this,  that  by  the  mutual  distance  of  two  vertical  lines  a  definite 

range  of  accommodation  is  each  time  expressed ;  for  this  is  here 
aasomed.  If  we  now  begin  at  oo ,  and  reckon  to  the  left,  we  find : — 

above  the  first  Ime  1  :  24,  corresponding  to^  range  of  accom- 

modaiion. 
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above  the  second  liue  1  :  12    2  x  A 


„     third     „   1:  8    3x 


1 

„     sixth     „  1  :  4   ..  ^  X 


„     seventh  „  1  :   31  7  x 


1 

etc. 

The  difference  between  the  range  of  accommodation  of  two  ad- 
joimng  lines  \b,  moteavet,  always  =      ;  for  example : — 

1 

6     8     24,  2§      21  ~  24' 
If  ire  now  have  the  nearest  and  farthest  points  united  bj  a  trans- 
▼eise  line,  we  need  only  to  reckon  how  many  intervening  spaces 
of  vertical  lines  the  hitter  mns  through,  in  order  to  ascertain  how 

much  X  ^^i^Q  range  of  accommodation  amounts  to.    The  first 

transverse  line  passes  through  nine  intervening  spaces,  and  therefore 
9  I 

represents  ^  =      range  of  accommodation;  the  sixth,  rans 

8  1 

through  eight  intervals,  corresponding  ^  ^  =  3  range  of  acoommo- 

dation,  etc. 

From  this  representation  it  is  now  very  plain,  tliat  as  much  power 
of  accommodation  is  necessary  to  come  from  an  infinite  distance  to 
8',  as  from  8'  to  V ;  as  much,  to  come  from  6'  to  4'  as  from  4'  to  3', 
etc  In  a  word,  the  distance  of  each  pair  of  vertical  lines  corresponds 

to  the  same  ^  ~  <^  ^  range  of  accommodation,  and  therefore  in  order 

to  come  firom  one  to  the  other,  the  same  action  of  the  power  of  accom- 
modation is  each  time  required,  that  is,  the  eye  must  each  time  add 

to  itself  a  positive  lens  of 

Moreover,  we  ohserve,  that  also  to  the  rit^^ht  of  ao  vertical  lines 
occur,  above  which  numbers  are  placed,  rhesc  all  bi  long  to  the 
domain  of  hypermetropia.  The  numbers  show,  namely,  in  Pari- 
sian inches,  at  what  distance  be  hind  tlie  eye  the  ineiileut  rays 
must  converge  to  a  pointy  in  order  to  unite  upon  the  retina.  The 
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eig:lith  innsrene  line  therefore  lepresents  the  eye  of  an  hyperme- 
tropic person.  In  total  relaxation  of  its  accommodation,  the  rays 
mtwl^  in  order  to  nnite  npon  the  retina,  converge  at  24  inches  behind 
the  eye.   In  order  to  see  accnrately  at  an  infinite  distance,  the  indi- 

▼idoal  will  therefore  require  glasses  of      with  which  parallel  rays 

acquire  the  couvergeace  just  mentioned.  This  hypermetropic  is  con- 
sequently neutralised  by  glasses  of ;  in  his  ^e  a  lens  of  ^  falls 

too  short,  and  therefore  we  define  the  d^ree  as  H  =        With  the 

strongest  possible  tension  d  the  power  of  accommodation,  the  same 
eje  sees  aceoiatdy  at  the  distance  of  41*,  firom  which  point  the  rays 
most  therefore  in  this  case  diverge,  in  order  to  come  to  a  focns  npon 
the  retba.  The  range  of  accommodation  of  this  eye  therefore  reaches, 

in  the  first  pbce^  to      in  order  to  come  to  oe»,  and,  moreover,  to 

^  in  order  to  come  to  the  nearest  point  of  distinct  vision.   It  is 

therefore 

24^4*  4. 

In  accordance  with  this  result,  we  see  that  the  transverse  line  ex- 

6 

24 


6  1 

tends  over  six  mftervening  spaces^  corresponding  to    .  =    range  of 


aooommodation. 

In  an  hypermetropic  condition  of  tlic  eye  the  distances  are  nega- 
tive, that  is,  they  lie  behind  the  qrc  Therefore  we  also  find  in  the 
table  to  the  right  of  oo,  1 : 24,  etc.,  mariced ;  and  therefore,  too,  in 

the  formula  for  the  range  of  accommodation  ^       ^"2'  terms 

are  negative,  so  fur  as  the  distances  expressed  by  P  and  B  lie  on  the 
negative  side.    In  the  example  above  adduced  of  the  eighth  trans- 
verse line,  this  was  the  case  with  R. 
The  formula  therefore  bccainc 

P     \    R  J  A' 
and  consequently  the  range  of  accommodation  must  be  calculated  as 
1  1,^11 
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The  other  eyes,  represented  in  the  table,  need  no  further  explana- 
tion. The  above  has,  however,  fully  shown  how  to  deduce  from  the 
transveiBe  lines  the  nature  and  the  degree  of  the  ametropiE,  aa  well 
as  the  range  of  aooommodation. 

It  need  not  be  remarked,  that  by  the  method  here  described*  we 
can  lapidlj  and  easQy  legiater  a  series  of  eyes,  whose  aocommodation 
we  determine^  and  that  on  a  definite  principle  we  can  easQj  compare 
with  one  another  cases  dassified  in  this  manner.  We  shall  hereafter 
repeatedly  make  use  of  this  method. 


The  range  of  accommodation  is  expressed  by  the  dioptric  power  of  an  in- 
finitely thin  auxiliary  lens,  which  is  supposed  to  be  placed  in  air,  and  to 
have  its  nodal  point  in  the  anterior  nodal  point  of  the  eye. 

I  have  chosen  the  same  mode  of  expression  for  the  different  degrees  of 
myopia  and  hypermetropia.  To  tliis  I  was  led  by  the  following  reasoning: — 
If  we  could  place  in  the  liypermetropio  eye  a  positive,  in  the  myopic  eye  a 
negatiTe  ooneetiva  lens,  these  might  thereby  be  eonvarted  into  emmetropio 
eyes.  The  optioal  power  of  the  le^aired  lens  therefbre  lepwsents  the  degree 
of  ametropia.  With  the  knowledge  of  J2  the  lens  is  given.  In  the  emme- 
tropio eye,  JK  is  s  od  ;  in  the  myopio,  it  u  a  finite  magnitude ;  in  the 

hypermetropic  eye  this  magnitode  is  negative.    In  both  eases  \^  is  the 

dioptric  power  of  the  intinitely  thin  lens,  which,  placed  in  air,  and  havinj^  its 
nodal  point  in  the  anterior  nodal  point  of  the  eye,  should  make  the  anietropio 
eye  emmetropic,  without  altering  the  situation  of  the  nodal  points  (compare 

p.  IZetteq,),  Conseqnentlyi  ^  ie  the  nnmerieal  eipression  of  the  ametropia 

itself.   The  myopic  eye  has  a  lens  of  ^  too  much,  the  hypermetropic  has  a 

lens  of  A  too  little.   We  may  therefore  consider  myopia  M.,  in  reference  to 

emmetropia,  as  a  positive,  hypermetropia  H.,  as  a  negative  condition.  There- 
fore, too,  as  the  negative  is  included  in  the  word  hypermetiopiay  we  need  not 

write  JET  s  —     but  far  the  sake  of  simplieity  we  may  nse  the  expiession 

//  s     as  well  OB  M  ^  ^ 

Against  this  method  of  expressing  the  degreeof  ametropia  hy  the  dioptric 
power  of  a  lens,  the  objeotion  may  be  raised,  that  in  ametropia  the  dioptrio 
system  is,  by  a  eorreotiye  lens,  by  no  means  made  similar  to  that  of  the 

emmetropic  eye.  Ametropia  does  not,  in  fact,  depend  upon  a  deviation  in 
the  power  of  the  crysLalline  lens,  but  rather  on  a  deviation  from  the  normal 
length  of  the  axis  of  vision.  With  a  positive  k  ns  we  therefore  obtain,  in 
hypermetropia,  a  stronger  dioptric  system  with  a  shorter  axis  of  vision ;  with 
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a  negative  lens  in  myopia  we  obtain  a  weaker  ayvtem  with  a  longer  axis  of 

vision. 

This  objection  is  not  without  some  foundation.  Still,  what  applies  to 
range  of  accommodation  doeii  not  hold  good  for  ametropia, — that  it  is  in  the 
eye  actually  represented  by  a  lens.  Nevertheless,  1  have  not  hesitated  to 
use  this  measure  also  for  ametropia.  In  the  first  place,  it  recommends  itself 
by  its  practioal  utility :  not  only  is  the  degree  of  ametropia  thus  easily  foond 
by  the  definition  of  hat  with  its  expression  is  at  the  same  time  given  the 
fSoeal  distanee  of  the  glasses  hy  whieh  it  may  be  nentralised.  In  the  sseond 
plaoe,  no  other  measare  is  possible.  Were  we,  in  order  to  fix  the  actual 
deviation,  to  take  the  length  of  the  axis  of  vision  as  a  measure,  we  should 
be  met  with  the  difficulty,  that  during  life  it  cannot  bo  directly  determined, 
and,  could  we  determine  it,  it  would  not  afford  an  immediately  practical  in- 
dication. Besides,  nothing;  is  easier  than  to  calculate  the  Ungth  of  the  axis 
of  vision,  which  about  corresponds  to  diitcrcut  degrees  of  ametropia,  and 
thence  to  make  tables  such  as  ihall  be  found  in  the  Chapters  whioh  treat  of 
Myopia  and  Hypermetropia.  T 

Thus  I  oonsider  the  method  I  have  porsoed  to  he  fully  justified.  It  is, 

indeed,  now  only  in  form,  not  in  reality.    What  I  term  M  =     would  for- 

Ji 

mmljt  if  it  were  desired  to  express  the  degree  of  myopia,  have  been  described 
as  n  dt'fjrcc  n  f  tnyopia,  for  tchick  glasses  of  R  —  j-  Parisian  inches'  negative 
fitrtil  i!i>.fanct'  are  required,  in  order  to  adjust  the  egc  for  jjurallel  rai/s.  The 
value  A'  —  x  still  needs  some  explanation.  Jt  is  the  distance  from  r  to  the 
nodal  puint  k'.  Consequently  the  corrective  lens  is  supposed,  in  ametropia, 
to  lie  in  k',  as  well  as  the  auxiliary  lens,  whioh  expresses  the  range  of 
aeeommodation.  This  is  done  on  purpose,  in  order  to  admit  of  the  distances 
of  distinet  vision  of  ametropie  and  emmetiopie  eyes  being  oompaied  with  one 
another,  and  registered  in  the  same  diagrams.  If  it  be  desiied  to  neutralise 
the  ametropia  by  an  actual  corrective  lens,  that  is,  by  an  eye-glass,  we  must 
always  take  into  account  the  distance  x  between  the  nodal  point  of  the  cor- 
rective lens  and  the  nodal  point  of  the  eyo,  as  shall  hereafter  be  more  fully 
explained. 

A  not  unimportant  question  still  remains  to  be  solved.   The  range  of  ae- 
eommodation we  have  set  down  found,  however,  that 

the  aotoal  ehange  of  the  orystalline  lena  is  not  quite  equal  thereto  (compare 
^159i$eq.).  Now  the  query  arises,  whether  the  length  of  the  axis  of  vision  has 

nfiuenoe  on  the  value  of     —      ^  other  words,  whether,  on  a  given  change 

of  the  coystalline  lens,  a  difference  in  range  of  aooommodation  shall  be  found, 
aooording  as  the  eye  is  emmetropic,  myopic,  or  hypermetropic.  The  question 
is  easily  investigated.  We  take  the  diagrammatic  {schematisch)  eye  of 
llelmholtz,  in  accommodation  for  distant  and  near  objects,  as  our  basis,  and 
calculate  E  and  P,  and  thence  deduce  the  range  of  accommodation  for  diiie- 
rent  supposed  lengths  ul  the  axis  of  vision. 
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Length  of  the 
axis  of  vision. 

It  P 
in  millimetres. 

1  1 
P~R' 

Emmetropic    -    -    •  - 
Myopic  ------ 

Hyjwrmetropic    -    -  - 

22-231 
25-231 
20-231 

00 

118-31 
—  177 

136-62 
65  056 
505-73 

1  :  136-62 
1  :  144  54 
1  :  131-11 

Hence  it  appears  that  an  equal  change  of  the  crystalline  lens  produces, 
where  the  axis  of  vision  is  longer  (myopia),  a  less,  and  where  the  axis  of 

vision  b  shorter  (hypermetropia),  a  greater  value  of  ^  —  -j^.  By  calculat- 
ing the  eyes  determined  by  Knapp,  I  obtained  the  same  result.  The  differ- 
ence is,  however,  but  slight.  With  the  supfwsed  lengths  of  the  axis  of  vision, 
R  was,  for  the  myopic  eye  =  4' ;  for  the  hypermetropic  eye  =  —  6' ;  so 
that  the  myopia  amounted  to      the  hypermetropia  to  \ ;  and  with  these 

high  deg^es  of  ametropia  the  deviation  in  the  values  of  ^  —  ^  amounted 

only,  in  the  case  of  myopia,  to  about  6  per  cent.,  and  in  that  of  hyperme- 
tropia to  4  per  cent.  For  practical  purposes  these  differences  present  no 
difficulty. 

In  this  comparison  of  ametropic  eyes  with  emmetropic,  we  started  from  the 
supposition  that  the  dioptric  system  of  the  former  agrees  with  that  of  the 
latter.  This  is,  however,  not  quite  correct.  In  general  the  crystalline  lens 
lies,  in  the  hypermetropic  eye,  closer  to  the  cornea,  in  the  myopic,  farther 
from  it.  Now  a  change  of  form  of  the  crystalline  lens  will  have  less  influ- 
ence on  the  distance  of  distinct  vision,  in  proportion  as  the  lens  is  situated 
farther  behind  the  cornea  (compare  p.  62  et  »eq.).  Consequently  this  influence 
will  be  less  in  the  myopic,  and  greater  in  the  hypermetropic  eye,  than  in 
the  emmetropic.  In  this  we  have  therefore  a  second  reason  why  a  definite 
change  of  the  crystalline  lens  shall  represent  in  the  myopic  individual  a 
less,  and  in  the  hypermetropic,  a  greater  range  of  accommodation  than  in 
the  emmetropic.  Now  if,  notwithstanding,  a  greater  range  of  accommoda- 
tion be  found  in  myopic  than  in  hypermetropic  individuals,  the  inference  is 
evident,  that  the  former  can  produce  a  much  more  decided  change  in  their 
crystalline  lens  than  the  latter. 


§  9.  Clinical  determination  of  Ametropia  in  General. 

As  we  liave  already  seen,  and  as  shall  hereafter  more  fully  appear, 
both  myopia  and  hypermetropia  exercise  a  great  influence  upon  the 
function  of  vision,  and  both  are  closely  connected  with  numerous  affec- 
tions of  the  eyes  of  a  different  nature.  Hence  it  is,  that  the  ophthalmic 
surgeon  must  make  it  a  rule,  in  every  patient  who  applies  to  him,  to 
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determiue  the  refractive  condition  of  the  eyes.  But  in  acute  iiiflam- 
matoiy  affections^  it  is  quite  allowable  in  the  first  instance  to  defer 
the  determination;  though,  when  the  inflammation  gives  way,  it 
ought  not,  even  in  snch  caaes,  to  be  neglected.  I  have  long  been 
aocnstomed  to  note  this  of  all  mj  patients :  in  the  lists  in  the 
Ophthalmic  Hospital  a  special  column  is  provided  for  the  purpose. 
I  have  in  nnmeroos  instances  found  the  great  advantage  of  this 
rule. 

The  determination  iiHU  is  ('fTccted,  after  sonii-  jjractirc,  with 
rapidity  and  certainty.  Two  methods  have  hccn  employed.  Tlie 
first  consists  in  testing  the  power  of  vision  witli  ghisses  of  known 
focal  distance.  The  second  in  the  determination  of  the  refractive 
condition  by  means  of  the  ophtlialmosenpe. 

I.  for  the  emplojrment  of  the  tirst  method  we  require,  in  the  first 

phice,  the  necessary  glasses  from      to  5  and  from  ~      to  —  j ;  in 

the  second  place,  the  necessacj  objects  for  testing. 

The  pairs  of  glasses  are  kept  loose  in  a  box^  with  a  spectacle-frame 
in  which  thej  can  be  placed.*  It  is  also  convenient  to  have  a  blade 

plate  of  metal  of  the  same  size  as  the  glasses,  which,  placed  in  the 
frame,  closes  one  of  the  eyes;  by  closing  tlie  eye  with  the  linger,  the 
accuracy  of  vision  is  easily  lost  for  some  moments,  so  that  we  cannot 
make  the  examination  of  this  eye  follow  immediately  upon  that  of 
the  other. 

The  most  suitable  objects  are  letters  and  numbers.  Dr.  Snellen 
has  drawn'up  these  in  a  regular  system,  and  has  thus  supplied  a  want 
which  had  long  been  felt.  The  principles  kept  in  view  by  Dr. 
Snellen  are  the  following : — 

1 .  Detached,  separate  letters,  black  on  a  white  ground,  in  irregu- 
lar sequence.  • 

2.  The  letter,  large  Boman,  square,  the  vertical  strokes  being  i, 
the  horizontal  i  of  the  breadth  of  the  letter. 

•  Paetz  and  Flohr,  opticians,  unter  den  Linden,  BcHin,  supply  snch  boxes 
with  the  necessary  positive  and  negative  glasses.  The  boxes  contain,  more- 
uver,  prismatic  and  coloured  glasses,  with  a  spectacle- frame.  Jaeper's 
spectacle-frame,  prepared  by  Kraft  uud  Sohn,  mechanicians,  Vienna,  Stadt, 
Karrnerstrasse,  10i3,  im  Biirgerspital,  is  cwnvenient,  in  which  the  rings 
oontaiQing  the  glaases  are  moTable»  admitting  of  their  distany  being  so 
iiqgalated  that  the  patient  ean  look  nearly  through  the  oentre  of  both 
glaMSi. 
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3.  Exclusion  of  some  letters  which  are  much  more  difficult  to  dis- 
tinguish than  others. 

4.  Ascending  magnitudes  from  I  to  OG,  the  magnitude  being 
proportional  to  the  number^  so  that  OC  is  two  hundred  times  laign- 
than  I ;  XX  ten  times  larger  than  11^  etc. 

5.  The  several  magnitudes  distinguishable  hy  a  sharp  eye^  iu  good 
lii^lit,  at  the  distance  of  so  many  feet  as  the  number  amounts  to. 
Thu.s  11  at  2  U  v\,  VI  at  0  feet,  XX  at  20  fed,  etc.,  all  sern  at  simi- 
lar angles  (of  5  niimius),  arc  equally  eiisily  distiuguisliable  by  the 
eye  exactly  accommodated  to  the  distance. 

By  the  application  of  these  principles  great  advantages  are  ob- 
tained. In  the  first  place,  the  existence  of  ametropia  is  at  once 
apparent,  when,  with  respect  to  the  power  of  distinguishing,  the  pro- 
portion between  distance  and  magnitude  is  destroyed:  for  example, 
if  a  person*  sees  1  at  1  foot,  II  at  %  feet,  and  cannot  see  XX  at  20  feet 
distance  myopia  exists,  etc.  If  he  sees  XX  at  20  fieet,  and  does  not 
see  I  at  the  distance  of  1  foot,  the  neavest  point  lies  at  more  than  1 
foot  from  the  eye,  etc.  In  the  second  place,  we  can  immediatdy 
with  perfect  accuracy  determine  the  sharpness  of  sight.  He  who, 
having  his  eyes  properly  acconiniodated,  distinguishes  XX  only  at 

10  feet,  instead  of  at  20,  has  a  sharpness  of  vision  8  =     =  Lwhen 

he  distingmshes  III  at  1  foot,  his  vision  is  S       ;  when  he 

20  1 

sees  C  at  20  feet,  it  is  S  s      =  ^,  etc.   He  who  distinguishes  G, 


LX,  XII,  III,  only  at  the  distance  of  I  foot,  has  his  vision  equal 

spcctively  to        1       i,  etc. 

In  the  examination  for  the  determination  of  ametropia,  we  have 
to  do  only  with  R,  and  for  this  purpose  we  cause  the  patient  to  look 
at  the  distance  of  about  20  feet ;  while  on  the  card  intended  for 

distance  (as  card  2  appended  to  this  work),  even  CC  still  occurs,  thus 

it  appears  applicable  as  far  as  S  =        If  S  be  still  less,  we  bring 

the  card  nearer  to  the  eye;  finally,  reckoning  the  fingers  may  be  cou- 
vcnieiitly  substituted  for  distinguishing  letters. 

For  persons  who  cannot  read,  we  may  substitute  reckoning  vertical 
strokes.  By  this  method,  however,  it  is  difficult  to  obtain  results, 
and  they  are,  moreover,  not  capable  of  comparison  with  those  ob- 
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taineil  with  letters.  It  is  therefore  better  to  tench  such  j>atieuts  to  re- 
cognise a  couple  of  h'tters  and  a  couple  of  fimircs,  wlucli  iseaji^ilv  done. 

The  mode  of  quickly  rccuguisiiig  the  ametropie  condition,  is  besst 
Icarat  bj  means  of  practical  instruction.  We  must  here,  however, 
endeafonr  to  give  some  general  indications  on  the  subject.  For  this 
pmpose  let  us  assimie  a  clinical  point  of  view.  Minuter  details  will 
be  given  in  treatiog  of  the  seven!  forms  of  ametropia  and  modified 
accommodation. 

A  PEBSON  AOU>  TWSMTT  FSBSEMT8  HIMSELF. 

The  question  is  : — doe^  ametropiii  exist  ?  JFe  give  him  small  print 
—I  to  IV  of  Snellen's  test-types  rcail. 

A.  He  reu'li  I  without  (lljliruffi/  at  a  illsimice  of  from  0  to 
12  inches;  II  at  the  distance  of  2  feet.  We  in  the  first  place 
infer,  that  his  power  of  vision  is  sharp,  secondly,  that  he  is  either 
emmetropic  or  at  least  but  slightly  ametropie.  We  show  him 
XX  at  20  feet.  He  reads  it  likewise.  Is  he  then  emmetropic  P  is 
stall  the  question. 

1.  Wiih  "  ^  ^       ^  ^^'^  distance  stated,  deitcr  de- 

Med;  he  is  not  myopic.    B^iiA  ^  Ae  sees  the  letters  fainter,  less 

black f  although  fiomeiohat  larger:  he  has  no  manifest  hypermotropia. 
May  lie,  nevertheless,  be  hypermetropic?  Latent  hypernietropia 
might  exist,  which,  so  long  as  acconnnodation  is  active,  cannot 
appear,  lliis  may  manifest  itself  only  after  th<'  instillation  of  sul- 
phate of  atropia  (gr.  i  to  dr.  ii),  paralysing  the  accommodation;  if 
it  existfl^  the  eye  should  now  see  much  more  sharply  at  a  distance  with 

i->  perhiips  even  with  -i-  or  -  . 

Most  we  then,  in  order  to  satisfy  ourselves  of  the  existence  or 
non-enstenee  of  latent  hypennetropia,  in  each  of  oar  patients,  panu 
lyse  the  power  of  accommodation  by  means  of  atropia  ?  By  no  means ; 
this  ought  to  be  done  only  when  there  is  reason  to  suspect  hypenne- 
tropia, and  even  then  we  should  warn  the  patient,  that,  for  some  days, 
impairment  of  vision,  particularly  for  near  objects,  with  dimness,  and 
probably  with  intolerance  of  light,  will  remain.  When,  therefore,  are 
we  justified  in  assuni in or  suspect ini,'  in  a  yonthfnl  indi\idual  the 
existence  of  latent  hyp;  rin(  tropia  ?  We  may  assume  it  when  mani- 
fest hypennetropia  exists ;  a  portion  is  then  always  latent  through 
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the  m:tion  of  accommodation.  We  may  with  great  probability 
suspect  it:  1,  when  convergent  strabismus  is  present;  2,  when 
there  are  complaints  of  asthenopia ;  3,  wlien  P  is  mucli  too  great  for 
the  time  of  life.  If,  for  example,  the  person  examined  at  the  age  of 
20  years  says  he  cannot  r<>ad  accurately  at  the  distance  of  6',  we 
shall  in  19  cases  out  of  20  detect  latent  hvpermetropia.  As  shall 
hereafter  appear,  it  may  then  become  desirable  to  give  him  (passes. 

2.  y^  with  ^j^^^  '^^^  accutaidy  ui  a  distance,  he  is  very 
slightly  myopic. 

3.  If  with  ^  ke  iees  as  accurately  as  without  glasses,  there  is 

manifest  hyperun  tropia.  Let  us  take  glasses  of  higher  power: 
3^0 '  30'  ^  ^  continues  to  see  equaUy  well,  the  mani- 
fest hyi)ermetropia  is  not  corrected.  The  liighest  glasses,  with  which 
he  sees  accurately,  indicate  the  degree.  If  he  still  sees  accurately  with 

his  manifest  hypennetropia  is  =       In  this  case  we  should  also 

determine  the  total  hypermetropia  (manifest  4.  latent),  after  para- 
lysis with  atropia. 

B.  He  reads  I  best  at  6',  No.  11  at  9',  both,  indeed,  much  nearer,  but 
not  farther  off.  From  6'  and  9'  reading  becomes  somewhat  more  diffieuU. 
The  dflemma  is :  either  myopia  or  dimintshed  sharpness  of  vision.  At 
20  feet  distance  he  does  not  see  No.  XX,  nor  XL,  nor  LX,  which  last 
are  three  times  larger  than  XX.    Myopia  almost  certainly  exists. 

We  try  with  —  ^*  Now  he  sees  much  more  accurately  and  reads 

No.  XXX  or  even  XX  at  a  distance  of  20  feet :  the  myopia  is  proven. 
Its  degree  is,  however,  not  exactly  known.  Why  did  we  try  glasses 

of  —  g  ?  Because  the  farthest  point,  at  which  tolerably  acute  vision 
still  existed,  lay  at  about  9'.  By  attending  to  this,  we  come  tole- 
rably near  the  degree  of  M.  If  he  sees  with  —  ^«  the  parallel  rays 
acquire  a  direction,  as  if  they  csme  from  a  point  situated  9'  in  front 
of  the  gUss.   By  comparison  with  glasses  of  —  ^  it  appears,  that 

o 

with  the  latter  he  sees  still  more  accurately ;  with ^  not  better 
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than  with  —  ^«  ^'ith     decidedlj  less  accurately.  M  therefore  exists 

_  1 
8* 

C.  He  caniK'f,  or  at  h'l-H  can  onJif  with  difficult ijy  read  No,  I  {or 
even  larger  letters),  at  whatever  dhtuiiee  the  book  be  held.  His  time 
of  life  excludes  presbyopia.  But  three  coses  arc  still  possible :  there 
exists  either  diminished  accoracy  of  yision,  or  or  paresis  of  accom- 
modation.  Where  the  pupil  is  freely  movable^  with  normal  diameter, 
the  last  is  almost  with  certainty  excluded.   The  shortest  way  is, 

however,  immediately  to  make  him  read  with  ^*   Spectacles  with 

these  glasses  should  always  lie  on  tlie  oculist's  table.  It  is  in  very 
many  cases  tiie  lirst  ii  umber  which  he  tries  iu  order  to  arrive  quickly 

at  a  conclusion.   If  with  ^  No.  I  be  read  at  12  inches,  even  at  16' 

P  ( 3=  1|)  be  rend :  we  can  no  longer  suspect  diminished  accuracy  of 
vision,  and  H  has  become  very  probable.  At  the  distance  of  20  feet 
XL  is  distinguished,  also  XXX,  but  XX,  on  the  contrary,  is  not. 

But  with  ^  theputieut  sees  them  more  accurately ;  with  ^  he  distin- 
gtdahes  XX,  with  ^  he  still  sees  them  as  well  i  with     the  letters 

begin  to  be  difibsed :  the  existence  of  U  and  indeed  of  H  =  ^  is 

thus  established  :  S  is  at  the  same  lime  perfect.  If  ])ositive  glasses  pro- 
duce a  considerable  improvement,  but  if  none  can  be  found,  with  which 
XX  is  distinguishable  at  20  feet,  U  is  complicated  with  diminished 
sharpness  of  vision,  as  often  is  tSie  case.  In  either  instance,  the  total  II 
should  now,  by  the  artificial  production  of  paralysis,  be  determined. 
Had  paresis  of  accommodation  existed,  without  H,  the  naked  eye 
should  have  seen  accurately  at  a  distance,  and  even  weak  positive 
glasses  should  have  diminished  the  accuracy  of  vision  with  respect  to 
remote  objects.   The  condition  would  have  beer  immediately  distin- 

goishable  from  U  from  the  fact,  that  with      at  more  than  10'  the 

letters  would  have  become  somewhat  ditiiise,  and  consripiently  I^ 
could  not  have  been  read  at  10'.  W  here  complication  w  ith  diminished 
accuracy  of  vision  exists,  examination  of  the  media  and  of  the  fundus 
oculi  with  the  ophtludmoscope  is  necessary.  In  U  this  investigation 
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i:»  frequently  lu  i^ativf,  although  the  a(*curacy  of  \Wion  is  diiuinislicd. 
Not  unfrequeiitly  astigmatism  is  at  the  same  time  present,  the  con- 
sideration of  which  1  must  defer  to  a  subsequent  chapter. 

D.  T/ie  pat'uuit  reaih  II,  Or  at  leaH  IV  and  VI  at  3',  4',  or  5' 
frm  tlw  ri/t\  but  not  at  a  greater  distance.    Here  either  myopia  with 
diminished  acouracj  of  vision,  or  a  high  degree  of  hypennetiopia 
exists.   If  he  reads  No.  YIU  at  2  feet,  it  can  searoelj  be  anything 
else  than  hypennetropia.   If  at  a  distance  he  sees  only  LX,  with 

glasses  oj     No.  XXX  with  those  of  ^lesswell,  itis  hypermetropia, 

and  indeed  Um  =  ^  ;  a  portion  is  still  latent.  Had  myopia  existed, 

with  greatly  (hminislied  accuracy  of  vision,  the  patient  would  have  seen 
worse  at  two  leet  distaiict',  and,  what  is  decisive,  the  vision  of  remote 
objects  would  have  diminished  with  positive  glasses ;  witb  negative,  on 
the  contrary,  it  would  have  increased.  Why  in  high  degrees  of  H  letters 
of  a  definite  size  are  seen  better  very  close  to  the  eye  than  at  a  distance 
of  1  foot,  shall  be  explained  in  the  Chapter  upon  Hypermefropia. 

E.  He  eaya  he  can  see  quite  well  and  aeeurateljf,  particular Ijf  at  a 
distance,  but  that  hk  visum  is  also  good  for  near  objects.  But  the  eye 
soon  becomes  tired;  close  worh  he  cannot  heqt  up»  This  is  astheno- 
pia, to  he  treated  of^  in  detail^  in  a  separate  chapter.  Here  I  may 
just  observe,  that  in  the  great  majority  of  cases  H  is  the  ultimate 
cause  of  it.  We  should  try  whether  the  j)atient  can  read  at  6',  5', 
and  4';  whether  it  is  diflicult  or  not.    We  cause  him  to  look  to  a 

distance :  weak  positive  glasses  of  etc.,  improve  or  at  least 

do  not  diminish  the  accuracy  of  vision.  Thus  the  presence  of  H  is 
demonstrated,  and  it  now  remains  only  to  determine  its  increase  by 
artiiicial  paralysis  (the  latent  H).  But  sometimes,  notwithstanding 
the  existence  of  asthenopia,  the  letters  at  a  distance  are  rendered 

somewhat  dilTuscd  by  weak  positive  glasses,  for  example  of      Can  we 

thence  infb  the  ab^uce  of  H  ?  By  no  means,  it  is  almost  certain 
that  latent  H  exists.  We  must,  therefore,  in  such  cases  determine  P, 

and  afterwards  have  recourse  to  artiiicial  paralysis  of  acconnnodation. 

Should  it  thus  appear  Uiat  no  H  exists,     ^     ~  ^       ^  found 

particularly  small,  and  we  thus  come  to  the  question  of  paresis  of 
acconniiodatiou,  which  is  inQnitclv  rarer  than  H. 
All  these  cases  hang  upon  the  determination  of  R.   With  it  the 
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existence  or  non-existenoe^  and  at  the  same  time  the  degree  of  ame- 
tropia are  given.  MoieoYer,  we  could  in  the  simple  mannef  aheady 
described  determine  the  nearest  point ;  with  it  the  range  of  accom- 

inodatioa  ^  =  p     g,     known.   With  the  increase  of  years  it 

diminishes  (cf)in))arc  the  Third  Chapter,  p.  12G),aml  vision  is  conse- 
quently considrrably  modified.  Therefore  it  was  necessary  in  the 
foregoing  examples  to  snppose  a  definite  time  of  life,  and  we  elidse  a 
youog  man  of  20  years.  It  ^nll  be  advantageous  to  bring  forward 
some  persons  of  more  advanced  ag« 


A  KAN  AGED  nFTT  PKESENTS  HIUSBLF. 


A.  In  good  light  he  easily  recognises  No.  II  at  SO,  and  even  at  24 
incheSy  No.  V  doubtfully  at  either  distance.  No.  I  not  at  aU.  At  the 

distance  of  16  feet  he  recognises  the  letters  of  XX.    The  accuracy  of 

vision  is  therefore  practically  perfect.  With  ^  he  sees  less  accurately 

at  a  distance,  but  near  objects  with  much  greater  ease.  Our  conclu- 
sion is :  there  exists  only  Pr,  and  for  close  work  he  had  already 
been  obliged  to  use  spectacles. 

B.  He  eanmot  tend  without  spectacles.  Even  ten  years  ago  he 
began  to  esperienee  dificuUy  ai  hie  work.  At  a  dist^ince,  Aowever, 
he  then  saw  accurately,  M  now  he  sees  lees  sharpfy :  No^  XX  he  does 
not  reeognisey  at  the  distance  of  20  feet.  No,  XXX  douh^iUy,  and 
the  letters  are  not  black.  We  may  be  nearly  ccrtaon,  that  in  tids  case 

Fr  has  been  superadded  to  H.   With     he  reads  No.  I  at  about 

12',  closer  with  greater  diflTiculty  :  the  accuracy  of  vision  is  perfect; 
the  existence  of  H  has,  properly  speaking,  be^n  already  proved  by 

sedng  at  12'  with  glasses  of  Let  us  determine  it  by  looking 
at  a  distance ;  with     vision  is  acute  as  well  as  with  A»  with  ^ 

it  is  less  good.  H  exists  ==         At  fifty  years  of  age  the  latent  H 

is  very  trifliug;  we  need  not  determine  it.    Glasses  of  ^  may  be 

constantly  worn  by  this  patient;  for  reading  and  writing  something 
stronger  is  required. 

C.  ''He  has  always  had  excellent  sight,  saw  distant  and  remote 
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objects  exceedingly  well^  boosts  conceitedly  of  bis  eyes^  but  has  lot 
some  w€tks  obsenred  tbat  be  no  longer  sees  at  a  distance  so  aocoratdy 
with  the  right  eye."  He  reads  I  from  6'  to  n\  No.  U.  iaZ,Mnot 
No.  m  at  3 /cet  distance.  We  infer  near-sightedness.  The  patient 
denies  it ;  is  sorprised  that  he  cannot  recognise  Nos.  XX  and  XXX  at 
a  distance,  and  still  more  that  he  accurately  distinguishes  them  with 

glasses  of  —        The  eye  with  which  he  could  still  read,  but  could 

sec  less  accurately  at  a  di^stauce^  appeared  to  be  alTcctcd  with  a  trace 
of  cataract.  • 

These*  examples  may  suffice  to  point  out  in  general  the  mode 
of  looking  for  nmctropia.  As  important  for  the  first  indication, 
I  shall  add  only^  that  many  hypermetropic  persons  complain 
of  asthenopia;  myopics  for  the  most  part  know,  that  they  see  com- 
paratively less  accurately  at  a  distance ;  that,  moreover,  the  first  have 
usually  a  shallower^  the  latter  a  deeper  eye^hamber,  while,  lastly,  the 
age  for  presbyopia  affords  an  indication. 

In  the  determination  of  K  with  the  aid  of  glasses,  the  distance  s 
from  the  glass  to  the  ikkIuI  point  k  of  the  eye  is  neglected.  In  using 
glissi  s  with  ;i  long  focal  ilistauce  has  less  influence;  but  when  those 
with  a  short  focal  distance  are  employed,  .r  must  be  taken  into  account. 
If  we  have  to  do  with  positive  glasses,  x  must  be  deducted  from  the 
focal  distance  \  if  w  ith  negative,  it  must  be  reckoned  with  it.  This  has 
already  been  explained  (pp.  32  and  35).  Thus,  if  myopia  be  neotralized 

by  glasses  of  —  ^»  and  if  j  =  1',  M  =  ^;  if  hypcrmctropia be  cor- 
rected by  glasses  of  g,  and  if    =  1',  then  El  =  ^. 

The  influence  of  x  may  also  help  us  in  the  determination  of  the 
degree  of  ametropia.  If,  namely,  an  equally  accurate  or  even 
a  more  accurate  image  was  obtained  with  the  glass  employed,  by 

moving  it  further  from  the  eye,  the  negative  was  too  weak  or  the 
positive  too  strong.  We  thus  know  \shat  glass  we  slioiiKl  sub- 
sefpiently  try.  It  might,  perhaps,  be  supposed  that  we  should  have 
only  to  determine  with  the  glass  first  tri^'d,  .r,  and  to  take  its  value 
into  account.  This  might,  however,  lead  to  an  incorrect  result.  My- 
opic individuals,  in  fact,  will  often  prefer  to  hold  a  glass,  though  it  is 
too  strong,  close  before  the  eye :  the  image  is  then  larger,  and  by 
some  tension  of  accommodation  they  prevent  its  being  diffused. 
Therefore  wc  must,  as  a  final  determination,  with  the  myopic  always 
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try  what  ia  the  weakest  ghiss^  which,  held  close  before  the  eye,  gives 
a  defined  image.  In  the  hypermetropic  we  run  less  risk  in  taking  a 
great  value  of  x  into  account;  hut  it  is  hotter  in  this  case  also,  to 
make  the  final  determination  with  a  glass,  which,  held  close  to  the 
eye,  gives  defined  images.  In  high  degrees  of  myopia,  and  where 
uncertain  answers  are  giveu^  the  investigation  is  often  shortened  by 

asoertaining  the  influence  of  weak  glasses,  for  example,  of  ^  and 

—       alternately  held  before  the  stronger  negative  glass  placed  in 

the  spectacle  frame. 

IL  In  the  second  place,  we  may  in  a  certain  sense  determine  more 
objeetivelj  the  lefinctive  condition  by  means  of  examination  with 

the  ophthahnoscope.  Tlie  great  inventor  of  the  instrument  has  not 
only  pointed  this  out,  but  has  also  comumiiicated  the  application  of 
this  method.  It  may  he  exi)lained  in  a  few  words.  According  to 
well  known  laws,  the  rays  proceeding  from  a  point  of  the  retina,  re- 
fracted by  the  media  of  the  eye,  shall  have,  on  entering  the  air,  a 
direction  simihir  to  that  of  the  rays  which,  falling  on  the  cornea, 

luiite  in  the  same  point  of  the  retina.    If  M  exists  =  ^,  the  point 

r,  whose  emitted  rays  unite  in  the  retina,  Hes  8'  in  front  of  the  nodal 
poini,  and  in  the  same  point  r  will  the  rays  emitted  by  the  retina, 

converging  in  front  of  the  eye,  unite.  If  li  exists  =  y^,  there  unite 

upon  the  retina  rays,  which,  converging  to  a  point  r,  situated  10'  be- 
hind the  nodal  point,  fall  upon  the  cornea;  and,  vice  rersd,  the  rays 
emitted  by  the  retina,  having  reached  the  air,  are  diverging,  and  ajipcar 
to  have  proceeded  from  the  said  point.  Lastly,  the  einnietropic  eye  at 
rest,  which  has  its  focus  for  parallel  rays  in  the  retina,  gives  to  the 
rays  proceeding  from  the  retina,  when  they  reach  the  air,  a  parallel 
direction.  Consequently  the  eye  of  the  observer,  in  order  to  see 
aoenrately  a  non-inverted  image  of  the  retina  of  the  emmetropic 
eye,  must  be  adapted  for  parallel  rays;  on  the  contraiy,  it  must  be 
adapted  for  converging  raja,  in  order  accurately  to  distinguish  that  of 
myopic  persons;  and  for  diverging,  in  the  case  of  hypermetropic 
individuals.  Therefore,  if  the  observer  knows  the  condition  of  his 
eye,  with  which  he  sees  accurately  the  retina  of  another,  he  ean 
form  an  opinion  as  to  the  refractive  condition  of  the  observed  eye.  It 
is  best  to  practise  one's  self  in  voluntarily  seeing  with  accommodation 
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for  one's  farthest  point  (ascertained  by  investigation),  and  to  ttj  what 
glass  we  most  place  before  one's  eye,  so  as  aeenrately  to  see  the 

vessels  in  the  retina  of  another.    In  order  to  be  able  to  bring  the  most 

different  glasses  before  the  eye,  I  have  had  a  ring  made  on  the  oph- 
thahnoseope,  adapted  to  hold  the  glasses  of  the  speetacle  box.  My 
eye  is  emmetropic  and  is  aecustomed,  in  the  nse  of  all  optieal  instru- 
meuts,  to  adapt  itself  for  parallel  rays.   Now,  if  i  need  a  glass  of 

—  g>  to  see  a  retina  accurately,  myopia  of  ^  exists ;  if  for  this 

purpose  I  require  a  ghiss  of  H  of  ~  is  present.  Some  correc- 
tion, negative  for  positive  for  H,  is  necessary,  both  for  the  distance 
between  the  observing  and  the  observed  eye,  and  for  that  between  the 

glass  and  the  observing  eye  (pp.  8&  and  35) ;  but  if  we  approach  as  much 
as  possible,  this  may  be  reduced  to  abom  1"  :  by  introducing  this  cor- 
rection, therefore,  in  the  above  quoted  examples,  M  may  have  been 

=  ^  and  H  =  ^«  Moreover,  inthealtmtion  of  the  distance  between 

the  observing  and  the  observed  eye  we  have  a  means  of  estimating 
whether  we  should  try  a  stronger  or  a  weaker  glass. — If  the  eye  of  the 
observer  be  ametropic,  the  degree  thereof  is  easily  taken  into  account. 
If,  for  example,  the  same  glasses  as  above  had  been  necessary  for  an 

eye  with  M  =  j^,  the  eyes  examined  should  have  given  M  =  ^  — 
.\  =  -  ,  H  =:  i  -I-  =  i  Vice  versa,  where  the  same  glasses 
were  required  for  an  observing  eye  with  H  =  j^,  the  M  found 

should  have  amounted       4-  ^  =  ^»      H  =    —  ^  = 

In  observing  with  the  ophthalmoscope  in  the  inverted  image  the 
estimation  is  more  difficult,  because  the  influence  of  the  objective 
glass  to  be  held  before  the  eye  and  the  position  of  the  image  cannot 
be  well  defined.  High  degrees  of  myopia,  however,  manilest  them- 
selves immediately,  as,  widiout  holdmg  a  convex  glass  before  the 
observed  eye,  we  see  the  inverted  retinal  image  stand  before  this  eye. 
8o  far  as  we  can  determine  the  distance  from  this  image  to  the  eye, 
we  know  also  the  degree  of  myopia. 

I  have  thus  given  the  principles  of  the  determination  of  ametropia 
with  the  aid  of  the  ophthalmoscope.  Generally  speaking,  this  method 
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is  inferior  in  aocoracj  to  the  detennination  of  vision  with  glasses  of 
known  focsl  distance.  1.  It  is  for  many  observers  difficali^  in  the 
use  of  the  ophthalmoscope,  entirely  to  relax  their  power  of  aocoitamo- 
dation :  if  they  are  not  certain  of  this,  the  method  is  inapplicable  to 

tlicm.  He  who,  on  the  com  ran  ,  has  by  practice  attained  so  far 
that  he  can  not  only  wholly  relax  his  power  of  accommodation,  but 
also  jiistly  estimate  the  dcLrree  of  voluntary  action,  can  very  often 
usefully  employ  it.    I  know  this  by  my  own  experience. 

2.  Without  producing  paralysis  of  accommodation,  we  are  never 
perfectly  sure  that  we  determine  the  refraction  in  the  condition  of 
rest. 

3.  It  is  sometimes  difficnlt,  at  least  when  strongly  negative  glasses 
are  required^  with  a  narrow  pnpil  aocorately  to  see  the  vessels  of  the 
retina. 

4.  The  vessels  which  lie  at  different  depths  in  the  fihrons  layer 
afford  no  perfectly  correctly  situated  object  for  estimation. 

5.  Moreover,  such  a  vessel  is  not  a  suita!)le  object  to  determine 
with  precision  wliether  we  see  accurately.  Cousecjucntly,  the  method 
ill  each  case  rerjuires  a  great  degree  of  attention. 

6.  The  det(Tmi nation  in  the  line  of  vision,  which  it  ehieily  con- 
cerns, is  for  the  most  part  difiicuit  of  execution,  because  the  place  of 
the  yellow  spot  is  not  well  seen,  or  onr  estimation  of  the  accuracy  of 
seeing  it  is  particularly  difficult. 

If  this  second  method^  therefore^  is  not  equal  to  the  first  in 
aocnracy  of  results,  it  nevertheless  deserves  our  attention,  because  it 
is  applicable  in  cases  where  the  first  wholly  or  partly  fails  us.  This 
isy  in  the  first  place,  tme  in  all  young  children,  likewise  in  the  blind, 
and  even  in  high  degrees  of  amblyopia,  where  the  knowledge  of  the 
refractive  condition  is  sometimes  of  great  importance.  Further,  by 
this  method  we  can  better  and  more  easilv  ascertain  tlic  dci^rec  of 
ametropia  for  indirect  vision  than  by  the  first:  in  many  instances  I 
have  by  it  alone  succeeded  in  satisfying  myself  that  the  myo])ia  for 
indirect  vision  was  less  than  when  the  patient  looked  in  the  line  of 
vision.  Besides,  the  want  of  fixation  of  a  hypermetropic  eye  ex- 
amined with  the  ophthalmoscope,  sometimes  gives  rise  to  more 
complete  relaxation  of  the  power  of  accommodation,  wherel»y  hyper- 
metropia,  latent  in  trials  of  vision,  may  manifest  itself.  Finally,  this 
method  may  be  of  great  use  in  simnlated  ametropia. 
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NOTE  TO  CHAPTER  II. 

In  the  commencement  of  this  Chapter  much  stress  was  laid  upon  the  neces- 
sity of  drawing  an  accurate  distinction  between  the  anomalies  of  retraction 
and  those  of  accommodation.  Each  eye  has  adetinite  refraction;  according  to 
this  the  tirst  distinction  is  to  be  made.  Now,  whether  the  eye  be  emme- 
tropio  or  ametropio,  in  either  case  it  has  a  power  of  accommodation,  and 
this  may  be  normal  or  abnormaL  Abnormil  afloommodatloii  it,  therefore, 
as  independent  of  refraction  ae  any  other  disease  of  the  eye. 

In  my  work  upon  Ametropia  and  its  results  (Ameiropie  e»  hareffevo^en), 
Utreehty  1860,  as  well  as  in  my  papers  in  the  Archiv  f,  Ophthalmologie, 
B.  iv.)  vt,  und  vii.,  I  had  promiaently  pat  forward,  as  the  basis  of  a  correct 
description  and  of  a  soientifio  explanation,  the  distinction  just  alluded  to. 
Stellwag  von  Carion  now  thinks  {Zritschrift  der  k.  k.  Gcsellschaft  der 
Acrztc  ZH  Wien,  1862)  that  I  should  have  mentioned  his  merits  respecting 
this  point.    I  am  quite  prepared  to  do  so. 

In  his  Essay,  entitled  die  AccomtnodatiomJ'cJUer  dcs  Au(/eji,  to  be  found 
in  the  Sitzungaberkhte  der  kaieerlichen  Akademie  der  Wiasemchafteity 
MB^mn,'nabmmummhafUiiAe  Klame,  B.  xyi.,  pp.  187*241,  he  oalls 
natural  Tisual  line  (naturHehe  SehHnie)  the  line  of  aooommodation,  to 
whioh  the  eye  in  absolute  inaotivity  of  the  muscle  of  accommodation  is 
adapted.  His  natural  visual  line  is,  therefore,  the  farthest  point  of  dis- 
tinct vision,  considered  as  a  Czermackian  Una  of  aeeonunodation*  Inas- 
much as  the  degree  of  the  ;;reatest  possible  accomraodation-pfessnre,  which 
the  eye  can  exercise,"  he  says,  "  in  every  case  is  limited,  so  must  the  natu- 
ral visualliue  determine  tlie  position  of  the  nearest  point  of  distinct  vision, 
that  is,  of  the  nearest  ^ai  point  of  the  shortest  line  of  accommodation** 
(p.  200). 

** This  degree,"  he  eontinaes,  "of  the  available  pressure-exciting  power 
of  the  musoie  of  aooommodation,  on  the  one  side,  and  the  natural  visual 
line  on  the  other,  are,  therefore,  the  factors  which  determine  the  abeolute 
visual  distanoe  of  the  eye,  the  length  of  the  line  connecting  the  farthest  and 

the  nearest  points,  as  well  as  the  position  of  the  latter  in  the  elongated 
optic  axis.  But  the  length  and  position  uf  this  line  constitute  the  measure 
according  to  which  alone  the  form  and  decree  can  be  determined,  wherein 
the  dioptric  part  of  the  visual  function  deviates  from  the  normal  pro}>or- 
tions.  It  is,  therefore,  evident  that  the  defects  of  accommodation  of  the  eye, 
from  a  sru'nft/ic  point  of  view,  can  be  divided  only  into  those  depending 
upon  anatomical  disproportions  of  the  whole  eyeball  or  of  the  several  light- 
refracting  media ;  further  into  those,  eaused  by  limitatum  of  the  function  oL 
the  muscle  of  aooommodation ;  and,  thirdly,  into  those  depending  upon  both 
causes.**  In  this  is,  in  faot,  oontained  the  lirst  indioation  of  a  distinetion 
between  the  anomalies  of  refiraotion  and  the  disturbances  of  aooommodation. 
Nevertheless,  the  hiot  was  lost  upon  Stellwag  von  Carion  just  as  it  was 
upon  others.  Ho  immediately  adds :  "Such  a  division,  however,  rraders 
treatment  difHcult,  and  prevents  a  proper  view  ot  the  subject  under  consi- 
deration."  Had  he  tried  it,  perhaps  he  would  have  seen,  that  his  second  and 
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third  class  (in  order  not  again  to  mix  np  accommodatloii  and  refraction)  mast 
bo  reduoed  to  one,  comprising  the  anomalies  of  accommodation  tn  general, 
independently  of  refraction,  and  perhaps  he  would  then  also  have  strictly 
adhered  to  the  ideas  of  myopia  and  hypermetropia,  or  would,  at  least,  nut 
have  included  them  among  the  defects  of  f;rro/;<mo//(;/'i<>;}.  But  he  adopts  a 
quite  difterent  (more  practical  ?)  method.  He  opposes  presbyopia  to  myopia, 
and  subsequently  passing  over  to  hypermetropia  (N.B.,  by  him  termed  hyper- 
presbyopia),  he  begins  by  calling  the  latter  a  higher  degree  of  presbyopia. 

I  regret  not  to  find  in  SCellwag^s  work  the  merit  to  which  he  thinks  he 
liu  a  elaim.  Those  of  my  readen  who  take  an  interest  in  the  matter  will 
please  to  oonsnlt  his  treatise.  They  may  pass  over  the  less  snooessfnl 
mathematioal  introduction  (compare  with  reference  to  it :  ZehendeTj 
Anleitung  s.  Studium  der  Dioptrik  de9  tnemchliehtn  Auget,  Erlangen, 
t  lSo5.  p.  166),  which  deterred  so  many,  myself  among  the  nnmher,  firom 
the  earlier  perusal  of  this  essay. 

The  diagrammatic  sketch  of  the  anomalies  of  refraction  and  accommodation, 
in  which  the  commencement  and  termination  of  the  lines  represent  r  and p, 
and  the  lengths  of  the  lines  the  range  of  accommodation,  I  tirst  applied  in 
the  Nederkmdseh  t^dtekrift  voor  gmeetkmde,  D.  II.,  1858,  The  idea  of  ex- 
pressing the  range  of  aooommodation  by  a  lens  of  definite  fooal  distance,  is 
to  be  met  with  so  early  as  in  the  mssterly  work  of  Yonng  {Phihtopkiail 
J)rafuaelion9f  1801). 
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FULLEA   DjSVJSLOJPitliNT  OF  TUE  DiFFl.RKNT  MEANINGS  OF  BjLNGE 

OP  Accommodation. 

§  10.  Jielat'ion  hct  ween  acaminodatiuii  and  convergence  of  (lie  viiual 
lines  J  Meant  iKj  of  1  :  A,of\:      and  of  1  :  A^.  So  far  as  the  range  , 
of  aooommodatioa  for  both  eyes  extends,  the  state  of  accommodation  of  | 
the  eye  corresponds  to  a  definite  convergence  of  theyisnal  lines.  Thus 
the  emmetropic  ejre,  with  parallel  visual  lines,  is  accommodated  for  in-  i 
finite  distance;  withaconvergence  at  8%for  a  distance  of  8',  &c  Unmis- 
takably, therefore,  a  connexion  exists  between  convergence  of  the  visoal 
lines  and  accommodation,  to  which  Porterfield*  and  John  MueUerf 
already  directed  attention.   Both  these  observers,  however^  appeared 
to  assume,  that  this  connexion  is  absolute  and  causal ;  that  a  definite 
convergence  is  necessarily  attended  with  a  definite  accouimodation,  and 
admits  of  no  other;  it  was  thought  that  only  heyond  the  limits  of  ac-  j 
commodation  a  greater  or  1ps.s  convorgencc  was  possible,  to  which  the  ' 
accommodation,  respectively  for  the  nearest  and  farthest  point  of 
distinct  vision,  should  then  still  correspond.    Now  this  is  incotrect. 
Even  Yolkmann  showed,!  that  also  within  the  limits  of  the  range  of 
accommodation  such  absolute  dependence  does  not  exist,  and  I§  gave 
farther  proofii  of  this  by  simple  experiments,  which  were  capable  at  the 
same  time  of  determining  the  degree  of  independence.   The  ex> 
periments  were  made  partly  with  convex  and  concave,  partly  with 
weak  prismatic  glasses.    It  is  easy  to  convince  one's  sdf  that  both 
eyes  together,  as  well  without  as  with  slightly  concave  or  convex  ^ 
glasses,  can  accurately  sec  an  object  at  a  definite  distance,  and  that, 
consequently,  without  chanire  of  convergence,  the  accommodation  can 
be  modified.     With  c(pial  ease,  we  observe  that,  in  holding  a  weak 
phsm  before  the  eye,  whether  with  the  refracting  angle  turned  in- 

*  A  TreatiMe  on  the  Eye,  Vol.  I.,  pp.  410  e<  ieg.   Edinburgh,  1 750. 
t  Verffleiehende  Phpnohgie  det  Oenehiumnee,  1826,  p.  210.  4 
X  Netie  Bcitriuje  zur  Phpaiotoffie  deg  OeeiehtatumeSt  18d6,  p.  148. 
f  MoUanditehe  Bcitriige  zu  den  anat.  11.  pht/stol.  Wisarnschaflen  lumiu- 
g^ben  von  vaa  Deen,  Donden  a.  Moksohott,  1846,  B.  1,  p. -379. 
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wards  or  outwards,  an  object  can  be  accumtdy  seen  with  both  ejes 
at  the  same  distance^  and  that,  conaeqaently,  the  convergence  maj  be 
altered,  withoot  modifyiDg  the  aooommodation.  When,  therefore,  it 
is  required  for  the  sake  of  distinct  vision  with  both  eyes,  the  con- 
nezioii  between  oonvcrgcnoe  and  aocommodation  can  be,  at  least 
partially,  overcome.  I  early  stated  the  method  of  determining  how 
far  the  independence  existed.  Some  time  afterwards  it  was  applied 
with  the  roquisite  accuracy.* 

Tlie  (|U(  sHou  is  very  simple  :  it  is  only  necessary  to  know  Rj  and 
Pi  with  parallL4  visual  lines  and  with  a  series  of  converging  degrees 
(to  the  maximum),  and  these  we  find,  by  a  calculation  from  the 
neareat  and  farthest  points,  discovered  by  means  of  different  convex  and 
ooncave  glasses.  For  accurate  determination,  however,  a  special  opto- 
meter is  required,  which  shall  be  described  at  the  end  of  this  section. 

The  results  of  tiie  examination  of  the  emmetropic  eyes  of  a  person 
aged  15,  are  represented  in  Uie  annexed  Eignre  (57). 


Fig.  57. 
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At  ditTcrent  points  of  the  diagonal  /•  intersection  takes  place 
between  the  transverse  lines,  before  which,  in  Parisian  inches, 

*  Coat  MaoGillaviy,  Oni/tiniMiiiigm  over  cfe  fiMf/rmilOmd  dtr  Aceommo- 
daHe.  Dl9s.*hiaiig.,  Utraeht,  1858. 


Digitized  by  Google 


112 


RANGE  OF  ACCOMMODATION. 


the  distances  are  placed;  aud  the  longitudinal  lines,  under  which  the 
degrees  of  convergence  of  the  visual  lines  corresponding  to  the  dis- 
tauct^  are  noted.  The  mutual  distance  of  the  visual  lines  of  the  two 
eves  in  the  i)arallel  state  amounted  to  28|',  in  which  case  (compare 
the  figure),  at  a  distance  of  12',  a  convergence  of  11"  21',  at  a  dis- 
tance of  6',  a  convergence  of  22^*  50',  etc.,  exists.  The  line p^p^p 
represents,  in  the  consecutive  convergence,  the  course  of  the  nearest 
point,  the  line  r  that  of  the  farthest  point.  The  dots  in  these 
Unes  are  the  points  determined  by  investigation. 

Now  the  figure  shows  that  the  eyes  here  supposed  with  parallel 
visual  lines  can  accommodate  from  infinite  distance  up  to  1 1',  with 
22^  50'  convergence  from  about  12"  to  4'.16,  etc.  At  p^^  where  the 
line  of  nearest  points  cuts  the  diagonal  k  X',  we  attain  the  shortest 
binocular  distance  P,  of  distinct  vision.  AVith  still  stronger  con- 
vergence, for  example,  46**  3S',  the  line  />,/?  remains  under  the  dia- 
gonal /-  ir',  so  that  accommodation  can  no  longer  take  place  for  the 
point  of  convergence  which  here  lies  only  3"  from  the  eye :  the 
nearest  point  with  that  convergence  lies,  namely,  as  appears  from  the 
figure,  at  about  3''.8.  The  absolute  nearest  point  p  lies  somewhat 
closer  still,  and  in  fact  at  3".69,  but  for  this  a  convergence  of  about 
70^  is  required,  that  is  at  a  distance  of  about  2".  With  this  maxi- 
mum of  convergence  all  space  for  accommodation  is  lost,  and  there- 
fore the  lines  />,     and  r  r,  cut  one  another. 

From  the  foregoing  it  appears,  that  iu  every  one  who  has  two 
sufficiently  equal  and  movable  eyes,  we  may  distinguish : — 

1.  The  greatest  distance  of  distinct  vision  R,  (in  figure  5S  as  od 
at  r). 

2.  The  shortest  binocular  distance  of  distinct  vision  P,  (in  the 
figure  =  3.9  at  p.), 

3.  The  absolute  shortest  distance  of  distinct  vision  P,  with  the 
maximum  of  convergence  (in  the  figure  =  3''.69  at  p), 

4.  Relatively  shortest  distances  of  distinct  vision  Pj,  at  each  given 
convergence  (for  example,  in  the  figure  at  22*^  50',  P,  =  4M6). 

5.  Relatively  greatest  distances  of  distinct  vision  Rj,  at  each  given 
convergence  (for  example,  in  the  figure,  with  22"  50'  convergence, 
Ri  =  12'). 

By  the  determination  of  these  several  distances,  three  different 
meanings  with  as  many  values  of  accommodation  are  to  be  obtained. 
I.  The  absolute. 
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II.  The  bmociilar^ 


lii.  The  relative. 


J  _  J  1 

A      J*  Jt* 

J.  _  1  ± 
A.-  J>,"  V 


A  -  -1  _  1 

A,  -  X 
They  are  all  to  be  deduced  from  Pig.  57. 
Now  in  the  foregoing  sections  we  spoke  only  of  the  absolute  range 
of  aecommodatioa,  comprising  the  aocommodation  from  the  absolute 
farthest  point  r  to  the  absolute  nearest  point  p,  for  each  eye  in  par- 
ticular :  in  tlie  figure  this  is     =  ^        ^  —  ^ 


A     3-69     00  a'69 
The  binocular  comprises  the  aceommoclation  from  ike  farthest 

point  for  both  eyes  at  once,  to  the  nearest  point  ji,  for  both  eyes 
at  once.  In  the  emmetropic  eye,  r.  coincidra  witli  and  the  bin- 
ocular rouge  of  accommodation,  to  be  deduced  from  lig.  57,  is  cou- 
seqaently, 

i.      i-  -  1  -  A. 

A,       8-9       00       3-9  * 

Finally,  the  relative  is  the  range  of  accommodation  over  wliicU  we 
have  control  at  a  given  convergence  of  the  visual  lines.  It  represents 
the  degree  in  which  aocommodation  is  independent  of  convergence, 
and  is,  for  every  conveigence,  measured  by  the  distance  between  the 
lines  p^p^p  and  r  r,.  On  referring  to  the  figure  it  now  appears 
that,  with  increasing  oonveigence,  the  relative  range  of  accommoda- 
tion becomes  at  first  greater,  then  less,  until  at  themaiimum  of  con- 
vergence, where  the  lines  mentioned  meet  one  another  (in  /?)  it  is  = 
0.  On  consulting  the  figore  in  detail  we  see  tlmt,  with  parallel 
visual  lines, 

""1  1     00  a' 

and  that,  with  a  convergence  of  11^  21', 

1  «  J        1  -  X 
A,  ~  5-33         "  5-76 

already  attains  the  maximum.    Throughout  some  d^rees  -^^  now 

contmnes  neailj  unchanged,  at  the  convergence  of  22°  50'  it  is 
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dimimshed  to  and  at  the  binocular  nearest  point,  with  a  con- 
vergence of  about  38°,  still  amounts  to  ^* 

It  is  of  importance  further  to  observe,  that  the  reh\ti\  c  range  of 
accominodatiou  consists  of  two  parts:  a  jjosifive  part  and  a  neffat'ne. 
The  diagonal  /•  /•  represents  the  couvergeuees  of  the  visual  Inies  :  the 
part  situated  above  this  diagonal  is  the  positive,  that  situated  beneath 
it  is  the  negative.  The  first  zepresents  what,  reckoning  from  the 
point  of  convergence,  we  can  accommodate  still  nearer,  the  latter 
what  we  can  accommodate  still  far&er  off.  For  example  (compare 
Fig.  57) :  the  emmetropic  eye  is,  under  a  convergence  of  1 1*'  21',  that 
is  at  12',  in  ordinaiy  vision  accommodated  for  this  distance  of  12'; 
bat  the  accommodation  may,  with  the  same  convergence,  be  made 
more  tense,  for  a  distance,  uamely,  of  5*33',  and  it  may  likewise  be 
relaxed  to  distinct  vision  at  a  distance  of  1%",  The  first  is  evident, 
since  with  negative,  the  second,  since  with  positive  glasses  of  tlctinite 
strength,  at  the  distance  of  12',  with  both  eyes  at  once,  accurate 
vision  can  be  attained.  At  11^  21',  therefore,  p.,  l\  is  the  positive, 
the  negative  part  of  the  relative  range  of  accommodation.  They 
are  calculated  as 

«]»  positive  =64-^2=9-6. 

the  negative  =  i  -  ^  =  J  ^. 

80  that  at  11^  2r,  in  the  case  investigated,  we  find 

]___  J_       1   _  1 
A.  ~  9-6  ^  14-4  5-76' 

that  is,  as  above. 
A  glance  at  the  figore  now  shows  further,  that  in  the  emmetropic 

eye  at  oo  (parallel  visual  lines)  ^  is  wholly  positive,  that,  with  in- 

creasing  convergence,  the  negative  part  rapidly  mcreiises,  soou  also 

at  the  expense  of  the  positive,  and  that  at  36*^  convergence  ^  lus 

become  entirely  negative. 

The  (hstinction  here  made  already  acquires  practical  importance 
from  the  fact,  that  the  accommodation  can  be  maintained  only  for  a 
distance,  at  which,  in  reference  to  the  negative,  the  poeiHce  part  if 
the  relative  range  if  accommodation  ie  tolerably  great. 
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It  is  not  in  every  one  that  we  can  satisfactoiily  determiiie  the  ranges 

of  accommodation  corresponding  to  different  dee:rees  of  convergence.  For 
this  purpofjc  two  freely  moveable,  accurately  .seeinjL,'  eyes  of  nearly  equal 
refraction,  and  equal  accommudatiu;^  power,  are  in  the  lirst  place  required, 
and,  iu  addition,  some  talent  for  ubsL-rsalion.  Each  of  these  requisites  was 
perfectly  met  with  in  the  person  aged  11  f teen,  who  supplied  the  data  for  Fig. 
57.  Tbe  detemunation  leqiiires  spedal  ean.  As  objeot  we  may  take 
wires,  whieh  ate  to  be  finer  in  proportion  as  the  point  to  be  defined  is 
nearer  to  the  eye.  Aeonrate  results  may  also  be  obtained  by  the  use  of  little 

holes  (from  20  ^  6~       diameter)  in  a  black  metal  plate,  with  a  back- 

gTonnd  of  dull  glass  turned  towards  the  clear  daylight.  Soon  the  acoom- 
modation  for  the  holes  is  no  loug<  r  perfect,  they  lose  their  round  form  and 
rapidly  emit  rays.  With  different  glasses  of  known  positive  and  negative 
local  distance,  at  different  dea:rees  of  convergence,  the  greatest  and  least 
dijiitances  of  distinct  vision  arc  now  to  be  determined.  At  the  same  time, 
in  order  to  obtain  oorreet  resolts,  eare  most  also  be  taken  that  the  distanee 
of  the  glssses  from  the  eye  shall  remain  unalterably  the  same ;  lastly,  that 
at  eaoh  degree  of  oonTergenoe  the  axis  of  the  glass  shall  nearly  ooineide  with 
the  axis  of  Tisiou.  In  order  to  fulfil  these  oonditions,  an  optometer  has 
been  oonstmeted  (Fig.  58),  partly  in  imitation  of  that  of  Hasner,  Edlem 


Fig.  58. 


Ton  Artha  (Proffer  VwrU^ohrnhnft  f,  prakHaehs  Seiikunde,  1861.  B. 
xxziL,  pw  166).  Our  optometer  eonsiataof  a  horizontal,  oblong,  quadrangular 

board  B  B,  placed  on  a  stand  S.  The  board  is  nearly  five  fset  long, 
nine  Parisian  inches  in  breadth  (compare  particularly  Fig.  59,  representing  a 
part  of  the  board) ;  it  possesses  three  parallel  grooves  ,<  h',  in  which,  by 
means  of  a  couple  of  copper  handles  (A  a  well-fitting  rod,  x,  with  iHjr- 
pendicular  bar  can  be  inserted,  bearing  the  wire-o[)tometer  o,  or  the  plate 
with  tine  openiii'^3.  The  mutual  distance  of  the  two  external  grooves 
amounts  tu  2b and  therefore  corresponds  to  that  of  the  parallel  visual 
Unes;  if  the  objeet  movee,  as  in  Figs.  66  and  60,  in  the  middle  groove, 
than  both  eyes  eontribute  equally  to  the  eonvergenoe.  The  one  extremity  of 
the  board  has  a  noteh  Ntwt  the  nose  of  the  person  under  examination;  in 
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front  of  bie  eyet  are  two  half-rings  r  r,  rapporting  the  glawei,  Eaoh  or 
these  ringi  U  moreaUe  in  an  aiehed  groove  (a  a)  (wheee  oentra  of  oarratnre 


Fig.  69. 


lies  in  the  centre  of  motion  of  the  eye,  while  the  anterior  surface  of  the  cornea 
coincides  with  the  crossed  lines),  present  in  the  small  microscopes  m  tn,  which 
are  applied  at  both  sides.  The  position  of  the  eyes  is  fixed  by  two  wooden 
rods  (A  b),  which,  drawn  out  at  pleasure,  are  fastened  by  screws  under  the 
board,  and  against  which  the  cheeks  rest.  The  ring-bearing  grooves  are  in  two 
oopper-plates  P  F',  which  by  means  of  the  Miews  e  v  oan  he  hrought  to  one 
another  and  are  kept  separate  hy  springs.  The  mntnal  distanee  of  these  plates 
is  read  off  on  the  soale  d.  During  observation  the  distanee  of  thess  platss 
mnst  oorraspond  to  the  mutual  distance  of  the  two  parallel  visual  lines,  (lliis 
distanee  can  bo  determined  with  an  instrument,  described  under  the  name 
of  visiiometer  by  Allnd  Smoo  (77k;  Eye  tn  Uealfh  miff  i)i  Disease.  London, 
1854),  and  constructed  upon  the  principle  laid  down  by  Hawkins.  We  make 
use  of  a  similar  instrument:  two  short  cylinders  of  small  diameter  are 
moveable  along  a  divided  bar  ;  the  head  being  fixed,  one  eye  sees  a  distant 
olgeot  in  the  centre  of  one  of  the  cylinders ;  the  second  cylinder  is  now 
moved  until  the  other  eye  sess  the  same  object  in  its  eentre.    Eaoh  eye  Is 
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then  alternately  closed  a  few  times,  in  ord*  r  to  make  sure  that  the  object 
stands  in  the  centre  of  the  cylinders,  afterwards  the  person  looks  once  more 
with  both  eyes,  and  the  mutual  di^itauce  of  the  cylinders  is  read  oil' 
on  the  divided  iwr.  XIiIb  dUtanoe  it  then  transferred  to  the  pktet  P  ef 
the  optoneler).  If  the  half-rings  in  the  grooves  a  a  he  now  plaoed  at  0^, 
tise  ejes  aee  temote  olgeets  through  the  axes  of  the  glasses  plaoed  in  the 
TtDgs.  In.  this  position  the  absolnte  fiffthest  point  r  and  the  nearest  point 
p,  with  parallel  visual  lines,  are  determined.  With  these  determinations 
we  begin ;  the  optometer-object  is  taken  away,  and  an  object  some  metres 
distant  is  employed,  whether  vertical  black  linos  on  a  white  surface,  or  an 
opening  of  about  1"  diameter,  in  a  black  plate  turned  towards  dull  glass, 
according  as  a  wire-optoraeter,  or  a  plate  with  liiiL'  holes  is  thoughV  prefer- 
able for  the  determination  at  different  degrees  of  convergence.  We  lind  r 
with  the  weakest  negative  or  the  strongest  positive  glass,  with  whioh  the 
remote  object  is  aoonrately  seen  $  on  the  contrary  pi  with  the  strongest 
negative  or  weakest  positive.  It  is  only  neoessary,  in  addition*  to  take  into 
neeonnt  the  distance  at  whieh  the  glasses  are  from  the  eye ;  in  this  oase, 
where  the  object  remains  fixed  in  its  place,  the  distance  in  qaestion  may  be 
modified  as  necessary,  by  pressing  in,  or  drawing  out,  the  rods  b  b  from  the 
optometer. 

If,  now,  r  and  p,  the  visual  lines  being  parallel  (cotJij):irc  Fig.  61),  be  known, 
we  place  the  object  on  the  optometer,  and  detcriuine,  without  glasses,  the  near- 
est point  of  binocular  vision  ;  only  in  old  people,  and  in  high  degrees  of 
hypermetropia  are  glasses  req^uired  for  the  determination  of For  the  further 
determination  of  |»|  and  r„at  difflbrent  degieea  of  convergence,  I  formerly — 
(ecpl  Mac  QiUavry,  over  de  hoegrooiheid  van  het  oKommodaUe'termoyen  (on 
the  extent  of  the  power  of  accommodation),  Utrecht,  1858) — placed  the 
opiomete^olgect  at  such  a  distance,  that  it  was  seen  at  a  convergence  of 
prcoisely  10**,  20<',  30'',  etc.;  and  removing  each  of  the  two  rings  re- 
spectively 5**,  10^,  15*',  etc.,  we  found  by  experiment  the  strongest 
positive  and  the  strongest  negutivu  glasses  witli  wliich  the  object  could  be 
accurately  seen  at  each  of  these  distances.  Api)arL'iitly  this  method  was  simple 
and  good  ;  but  it  nevertheless  gave  no  accurate  results:  by  the  long-con- 
tinued trial,  the  muscular  system  for  accommodation  becomes  fatigued, 
and  along  with  the  sacrifice  of  mnldi  time,  we  obtain  too  great  a  distance. 
Wis  acquire  a  tnfllcient  number  of  points  with  much  greater  rapidity  and 
certainty  by  successively  determining  with  some  suitably  ohoeen  positive 
and  negative  glasses,  the  nearest  and  farthest  points,  by  moving  the  opto- 
meter object,  according  to  whose  distance  the  lens-bearing  rings  must  be 
moved  in  the  arched  grooves.  The  distances  thus  give  directly  the  oonver- 
gence  at  which  vision  took  place,  and  by  takin:^  the  gi  isses,  wherewith  this 
was  possible,  into  account,  />,  and  are  found  for  t!io  convergence.  \\\  this 
method  r  mark  for  each  glass  first  the  nearest,  and  then  (if  the  distance  is 
positive  and  occurs  on  the  optometer)  the  farthest  puint,  and  afterwards 
wait  a  few  minutes  before  passing  to  the  determination  with  another  glass. 
Lastly,  the  aheolnte  nearest  point  p  is  sought.  This  is  not  nnfrequently 
attended  with  difficulties.  In  those  who  voluntarily  converge  very  strongly, 
it  often  succeeds  best  by  looking  with  each  eye  separately,  while  the  other 
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flife  is  oorered  with  a  diso,  at  the  mazimiim  of  ooaTergenoe ;  in  doing  so  we 
may^lso  nse  positiTe  glasses.  Where  there  is  less  mobility  of  the  eyeB 
inwards,  and  in  general  in  those  who  are  strongly  myopio,/>  ooinoides  wiih 
jy^,  or  the  neoessaiy  oonveigenoe  for^  is  oven  not  obtainable. 

After  this  general  description,  the  mode  of  calculation  may  be  still  more 
accurately  indicated  in  a  couple  of  plain  selected  examples.  Having  deter- 
mined r  and  />i  with  parallel  visual  lines,  and/^  for  which  no  calculation 

isneeessai7,letasfind:  with  —     the  binoenlar  nearest  point  at  0*  from  the 

0ye,  that  is  with  a  oonvergenoe  of  22^  50' i  the  question  now  is,  what  at 
that  eonTeigenoe  aetaally  amounts  to?  We  find:  the  rays  from  the 
•eonrat4y  soon  object  diyerge  from  a  point  sitoated  iST  in  front  of  the  eye, 

6*—  0'.5=o'.5  in  front  of  the  glass.    Refracted  by  the  glass  of  

ISS 

they  appear  to  diverge  from  a  nearer  point,  namely : 

^  12  :j.T7/ 

from  a  point  3'-77  from  the  glass,  and  therefore  .3-77  +  O  o  =  4'-27  from  the 
eye.  With  a  convergence  of  22^5(K  therefore  pi  =  4'-27.  Let  this  distance 
be  noted  on  the  fourth  line,  under  which  22^60'  stands. 

A  ftrthest  point  r ^  is  not  to  be  determined  with  —      because  the  eye  at  the 

same  tune  beeomes  hypermetropio  and  r  thns  eomes  to  lie  behind  the  eye. 

With  ~t  on  the  oontrary,  both  n  and />i  are  to  be  Ibnnd  at  a  certain  con- 

Tergenoe.  Let  ns  begin  with pi*  Let  ns  find  with  A  the  bhioenlar  nearest 

point  precisely  at  3',  that  is  at  2'-o  frum  the  glass.  In  front  of  the  glass 
therefore  the  rays  diverged  from  a  point  2'.o  distant ;  refracted  by  the  glass, 
on  the  contrary,  they  appear  to  proceed  from  a  point  situated 

r-L_±=_L\ 

\2'5     12  3-ltJ/ 

a'.ie  before  the  glass,  a'.66  before  *the  nodal  point  of  the  eye.  With  a  oon- 
vergenoe of  3',  that  is  of  46«'  38',     lies  therefore  at  3'.66. 
Now,  farther  let  the  binocular  farthelt  point  be  found  with  the  same 

glasses  as     at  8'.  Thenoe  r,  with  a  oonvergenoe  to  8',  ean  be  ealonlated : 

the  rays  diverge  from  a  point  situated  7'.5  from  the  glass  i  after  having 
passed  through  the  glass,  they  diverge 

from  a  point  situated  20*  in  front  of  the  glass,  2(f'5  before  the  nodal  point 
of  the  eye.  We  therefore  make,  under  the  point  where  the  distanee  of 
8'  cnats  the  diagonal,  a  dot  corresponding  to  the  distance  of  20**6.  It  repre- 
sents r,  at  a  oonvergenoe  to  8'.   By  making  similar  oalenlations  with  some 

other  glasses,  we  soon  have  dots  enough  to  deduce  pi  p^  p  and  r,,  and  thus 
all  r[uestions  respecting  the  range  of  aooommodation  in  an  individual  are 
answered. 
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§  11.  JHfferenee     ike  relaUve  range  of  aeeommodaium  1 :  A^,  ac* 

cording  to  the  refractive  condition  of  the  eye. 

We  dosed  the  pieoeding  section  with  a  practical  result,  namely : 
thai  aooommodation  can  be  nudntiined  only  for  a  distance,  when,  in 
nierenoe  to  the  negatively  the  positiTe  part  of  the  relative  range  of 
acxx>mmodation  is  tolerably  great. 

In  CQnnexion  with  this  point  it  is  of  special  importance  to  show, 
ihat  the  relative  range  of  acoommodation  in  ametropic  eye^^is  some- 
thing quite  different  from  that  in  emmetropic.  The  difference  is  of 
a  twofolil  nature.  In  the  lirst  place,  with  a  given  convergence,  the 
relation  of  the  positive  to  the  negative  part  of  1  :  Ai  is  not  the  same; 
in  tile  second,  the  Hnes     p,  p  and  r  r,  have  another  form. 

We  shall  tirst  treat  of  the  relation  of  the  positive  to  the  negative 
part  of  1 :  Aj.  We  may  also  thus  express  what  we  have  said  on 
this  point :  the  reUtive  range  of  accommodation  has,  in  reference  to 
the  refraction  of  the  eye,  a  totally  different  jposition  with  reference  to 
the  line  of  the  convergences  k  k\  Pig.  60  illnstrates  this  in  detail.  This 


Fig.  60. 
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diai^rnm  contains  the  curves  of  tlie  nearest  and  of  the  farthest  points 
in  a  myopic  eye  M,  and  in  a  hypermetropic  U.  Both  require 
further  explnuatioD.   first  as  to  M.   The  b^^bming  of  the  line  r  r, 

shows,  that  we  have  to  do  with  a  myopia  of  --ix;  the  fiurthcst  bino- 

colar  point  r,  is  foand  at  6'.  Up  to  this  distance,  that  is  up  to  a 
convergence  of  about  28^  1 :  A4  is  altogether  positive.  Now,  how- 
ever, a  negative  part  is  rapidly  developed,  whidi  even  at  84** 
amounts     half  the  positive.   £b  far  1 :  Ai  was  always  increasing, 

and  here  attains  as  a  maximum,      while  the  total  range  of  aooommo- 

dation  amonnts  to  1 :  A  =:        Henceforth,  however,  1 :  A|  di- 

minishcs  a  Httle ;  but  the  negative  part  becomes,  meanwhile, 
greater  and  greater,  and  indeed  up  to  about  50*^,  where,  the 
difficulties  of  convergence  increasing,  the  farthest  point  begins  so  to 
approach,  that  at  about  58^  it  coincides  with  the  point  of  con- 
vergence. At  this  rnoMmum  convergence  still  stronger  tension  of 
accommodation  is,  however,  possible,  as  the  perpendicularly  as« 
oending  line  p,  here  still  representing  about  1 :  A,  =  1 :  18, 
shows.  Hence  we  see,  that  in  high  degrees  of  myopia,  at  the  maxi- 
mum of  convergence  also,  a  certain  range  of  accommodation  still 
remains,  and  the  more  so  in  proportion  as  the  oonveigraoe  itself  is 
more  limited.  Moreover,  this  diagram  shows,  that  in  myopia  in  the 
domain  of  binocular  vision,  the  negative  part  of  1  :  A,  is  very  slight. 
On  the  contrary,  the  convergence  is  often  very  limited.  Hence, 
therefore,  it  follows,  that  hi  th,>  hhjh('r  degrc'  X  (>/'  wi/nji'm,  the  difficulty 
of  maintnitihig  binocular  visto,i  does  not  proceed  from  Uniion  of 
accommodatioHy  hut  rather  from  dij/iei/^y  of  convergence. 

In  those  degrees  of  myopia  where,  as  in  the  above  diagram.  Fig. 
60,/?  lies  closer  to  the  eye  than  the  nearest  point  of  convergence  of 
the  visual  lines,  is  wanting  and  gives  place  to  rV  As  binocular 
range  of  accommodation  nothing  else  can  be  asstuned  than 

1  -  I  I 
A,  *"  R',  R,' 

where  R«  represents  the  distance  from  the  point  r*  to  tiie  nodal 

point  of  the  eye. 

We  nt)w  pass  over  to  the  consideration  of  the  hypermetropic  eye 
H  of  Fig.  60.  Here  wc  find,  just  as  in  the  emini  tropic  eye  (Fig. 
67),  j»|  p^  p,  as  the  curve  of  the  course  of  the  nearest  points. 
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and  r,„  r^^  as  that  of  the  course  of  the  fartlicst  points,  both  in  rela- 
tion to  the  cunveigenoe.  But  besides  these,  we  find  a  dotted  line 
r,c  ;  the  latter  requires  farther  explanation.  Thus^  as  has  already 
beea  observed^  the  hypermetropic  individusd  does  not  completely 
veiaz  his  power  of  aooommodation*  In  looking  at  a  distance  in 
the  case  of  a  hypermetropic  subject,  aged  16,  registered  in 

the  schemCj  the  preference  was  given  to  glasses  of  above 

stronger  ones ;  consequently  there  existed  ^  manifest  hypermetropia 

represented  by  the  puiut  r^.   But  after  artificial  paralysis  of  the 

1  1» 

power  of  accommodation  (by  sulphate  of  atropia),  glasses  of  g,  at-^ 

from  the  nodal  point,  were  required  in  order  to  see  accurately  at  a 

distance,  so  that  the  total  hypermetropia  H,  amounted  to  Now 

this  is  exprsssed  by  the  point  n .  In  this  state  of  paralysis  the  refrac- 
tion remains,  on  convergence  unaltered ;  we  cannot,  therefore,  in- 
vestigate where  the  fiirthest  point,  at  different  degrees  of  convergence 
ahould  He,  if  the  inyolnntary  spasmodic  contraction  did  not  exist, 
and  r,  Tj,  p  is  consequently  only  an  imaginary  line,  connecting  the 
absolute  farthest  point  n  with  tlie  absolute  nrarest  poiut.  It  appears 
that  the  total  range  of  accoiutuodatiou  aniuunls  to 

A  ""8     V  7iy""8-87' 

As  to  the  relative,  we  see  it  is  particularly  great,  diminishes  tolerably 
uniformly  as  the  convergence  is  increased,  and  that  its  positive  part, 
which,  when  the  visual  lines  are  parallel,  is  not  inconsiderable,  on 
convergence  to  9'  (with under  an  angle  of  from  16"  to  17 ^  be- 
comes completely  negative,  and,  moreover,  remains  negative.  If  we 
reckon  from  the  absolute  farthest  point  r^,  the  positive  part  amounts, 
tbe  vianal  lines  being  parallel,  to  only  half  of  the  negative;  if  we 
reckon  from  the  madfest  &rkhest  point  the  positive  part  is  at 
first,  it  is  true,  greater,  but  we  observe  that  even  at  a  convergence 
of  5^  the  relation  is  inverted.  In  connexion  with  the  practical  result 
expressed  above,  we  thus  come  to  the  conclusion,  that  with  this  d^ree 
of  hyperraetrupia,  eyes  cannot  long  consecutively  accommodate  them- 
selves to  the  point  of  intersection  of  tlicir  visual  lines.  With  still 
higher  degree  of  hypermetropia,  as  shall  hereafter  appear,  binocular. 
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and  witii  tlie  highest  degree  (ahsolate  hTpeimetropia)  even  monocular 
vision  is  never  acnte. 

Tie  fQregolng  applied  to  UkS  ponHan  of  the  range  of  accmmoda^ 
tuMj  wiik  reference  to  the  convergence  of  the  vieual  linee.^-We  must 
now  take  the  form  of  tlic  curves  into  closer  consideration.  Even  in 
Fig.  60,  we  see  that  the  curves  of  M  are  concave  upwards,  while 
those  of  H  are  convex  upwards.  If  witli  this  we  compare  Fig.  57, 
it  appears,  that  the  curves  for  the  enunctrojMc  eye  kee|)  the  mean  be- 
tween M  and  H.  The  reason  of  this  lies  in  the  fact  that,  with 
slight  conveigenoe,  a  myopic  eye  can  accommodate  proportionally 
less;  a  hypermetropic,  on  the  contrary,  more  (but  also  must  so 
accommodate)  than  the  emmetropic.    The  diagram  Eig.  61, 


Fifr.  61. 


0«     11*^21'  22<»aO'  .•j4«;}2'  4(>«a8'  69«'20'  72<'50' 


will  make  this  plain.  It  contains  the  curves  of  the  nearest  and 
farthest  points^  as  function  of  the  convergence,  both  for  the  em- 
metropic eye  E  (the  middle  ordinary  lines),  and  for  the  myopic  M 
(the  dotted  lines),  and  for  the  hypermetropic,  II  (the  stri^  and  dotted 

lines) is,  in  order  to  facilitate  comparison,  assumed  ~  |;  and 
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the  nuudmam  of  conyergence  is  taken  at  59^  SO*.    The  letters 
M,  and  H  are  placed  before  the  farthest  points,  as  defining  the  le- 

fnit-tiou  ;  II„  (inaaifest  hypcrmctropia)  stands  before  r  thewa»j/^*^ 
farthest  point,  H,  (total  hvpcrinetropia),  before  r<thc  absolute  farthest 
point.  In  other  respects,  the  letters  have  the  same  siguificatiou  as 
in  Fig.  GO.    Now  the  study  of  this  (hagrani  shows : — 

1.  That  with  parallel  visual  lines,  the  emmetropic  eye  can  bring 

into  action  about     the  myopic  only       the  hypermetropic,  on 
3 

the  contrary,  ^  of  its  total  power  of  accommodation. 

2.  That,  with  slight  conveigenoe,  the  myopic  eye  can  accommo- 
date much  less^  the  hypermetropic  on  the  contrary,  mnch  more  (bat 
also  must  do  so)  than  the  emmetropic.    Compare  particularly  the 

curve  r  r^,  which  for  the  myopic  eye  at  first  runs  nearly  transversely, 
for  the  iiyperinetropic  strongly  ascends. 

8**.  That  with  stronger  convergence,  the  accommodation  of  the 
myopic  eye  can  still  increase'  much,  that  of  the  hypermetropic  oidy  a 
little.  We  see,  with  a  convergence  of  18^,  the  curve  PiJi,p  of  the 
hypermetropic  eye  keeping  nearly  a  transverse  direction,  while  the 
cun  es  of  the  myopic  now  begin  decidedly  to  ascend. 

The  diagram  will  readily  answer  any  further  question  which  may 
suggest  itsdf;  it  appears  therefore  to  be  snperfluons  to  expatiate 
at  greater  length  upon  the  subject. 

The  difference  ascertained  is  practically  of  great  importance. 
Thence  it  follows,  namely,  directly,  that  when  the  ametropia  is  nen- 
tnUised  by  glasses  (r  brought  to  oo),  the  eye  by  no  means  becomes 
equal  to  an  emmctroj)ic  eye  of  similar  range  of  accommodation.  This 
is  easily  deduced  from  the  above  figures.  It  appears  still  more  dis- 
tinctly on  reference  to  Fig.  62,  where  the  curves  of  Fig.  Gl  are  re- 
peated (as  E/>  and  Fi/-,  as  Mj)  and  Mr,  and  as  Up  and  Hr^  and 
Hr,)  but  so  that  in  all,  r  is  brought  to  oo.*  The  diagram  shows  that 
the  neutralised  myopic  eye  has  its  binocular  nearest  point  at  16*',  so 
that  1 :  amounts  only  to  the  fourth  of  1 :  A ;  and  that  vice  vertd 
'  for  the  hypennetiDpic  eye  the  binocular  nearest  point  jh  is  nearly  equal 
to  the  absolute.  Moreover,  in  the  myopic,  1 ;  A„  even  at  from  8**  to 

•  As  shalf  appear  in  §  13,  the  rf'<luotion  of  the  ametropia  is  not  entirely 
without  inliuenco  on  the  form  of  tho  curves.  This  inliuencc  is,  however,  so 
slight)  that  here  it  may  be  altogether  disregarded. 
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9^  of  oonyeigeiioe,  becomes  wholly  negative;  in  the  hypermetropic^ 
1 :  A,  is  at  more  than  30**  of  convergence  entirely  positive.  Hence 


Fig;  62. 
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proceeds  for  both  eves  difficulty  in  binociilar  vision,  iintlcr  moderate 
convergence;  for  tlie  rodnrod  myopic,  because,  under  these  circum- 
stances it  accommodates  too  weakly,  for  the  reduced  hypermetropic, 
because  it  accommodates  too  strongly. 

The  cause  of  this  diHerence  is  at  once  apparent;  it  is  the  result  of 
practice.  The  myopic  eye  has  learnt  to  converge  in  a  certain  degree, 
wiihoat  bringing  its  power  of  accommodation  into  action  in  the 
same  proportion  as  the  emmetropic  eye.  Thereby  the  binocular 
farthest  point  (Fig.  61,  J^s),  although  seen  at  a  tolerably  consider- 
able convergence,  remains  almost  as  &r  from  the  eye  as  the  absolute 
farthest  point  Mr,  But  on  the  other  hand,  the  eye  has  not  prac- 
tised itself  with  slight  convergence,  to  bring  a  relatively  great  part 
of  its  accommodation  into  action,  because  it  lias  had  no  necessity  to 
do  so.  The  hypermetropic  eye,  on  the  contrary,  found  itself  obliged, 
in  order  to  see  accurately,  even  with  })aralli'l  visual  lines,  to  put  its 
power  of  accommodation  on  t  he  stretch,  and  it  has  brought  itself  so 
far  in  that  respi  rt,  that  it  is  no  longer  in  a  position  to  become  com- 
pletely relaxed,  that  at  least  on  every  effort  to  see,  the  act  of 
accommodation  takes  place  involimtarily.  As  farther,  with  incieas- 
ing  convergence,  a  disproportionately  great  part  of  the  range  of 
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don  most  always  come  into  action,  it  is  not  itiangi^  tiiat 
the  lelatiTe  lange  of  accommodation  has  been  oonndeFalily  displaced. 
That  practice  leaUjr  may  prodnoe  the  difference  just  describiBdj  we 

have  the  following  proofe. 

1.  The  use  of  positive  or  negative  glasses  has,  even  after  the 
lapse  of  a  few  hours,  an  influence  ou  the  range  of  accommodation  of 
the  emmetropic  eye.    Fig.  63  exliibits  the  effect  of  practice  iu  look- 
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ing  with  negative  ghisses.  It  relates  to  a  young  emmetropic  snb- 
ject,  aged  21  yeais^  who  with  slight  convergence  can  accommodate 
somewhat  less  than  nsoal.  The  dotted  corves  represent  the  course 
of  his  nearest  and  of  his  furthest  points.  After  havmg  occasionally 
practised  for  some  days  with  negative  glasses,  he  obtained,  by  repeat- 
ing the  investigation,  the  linear  curves,  which,  at  least  jo",  p, 
approach  much  inure  closely  to  those  of  hypermetropic  persons  than 
the  dotted  ones.  Had  he  continued  the  praetice  longer,  permanent 
contraction  would,  just  as  in  the  hy})eriuetr()pic,  have  occurred,  and 
r  would  not  have  stood  at  oo  .  For  some  minutes  after  the  removal 
of  the  Tioirative  glasses,  this  was  the  case.  On  the  other  hand,  the 
use  of  positive  glasses  rapidly  makes  the  power  of  accommodation, 
with  a  certain  amount  of  convergence^  less :  it  is  well  known  that, 
particularly  when  positive  glasses  are  used  too  soon,  reading  much 
withont  their  aid  qnif^y  becomes  more  difficult  than  before. 
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2.  The  rdatke  range  of  accommodation  is  displaced  in  ame- 
tropic  individnals  when  they  have  for  a  long  time  worn  correcting 

glasses.  That  of  myopics,  as  well  as  of  h^pemetropics,  gradmdljr 
tends  to  that  of  emiiictropics. 

3.  in  th(!  diiniiiutioii  of  the  range  of  acrninmodntion  in  advanc- 
ing age,  even  before  proper  ])res])yo])ia  lias  begun,  the  ciiives  of  the 
emmetropic  eye  approach  to  those  of  the  hypermetropic.    I'ig.  i}4i  is 

Fig.  61. 
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the  £uthfiil  expression  of  the  range  of  accommodation  of  an  emme- 
tropic individnal  aged  44.  For  vertical  lines  he  has  a  trace  of  hyper- 
metropia^  so  that  r  is  found  beneath.  Further,  to  convince  one's 
self  that,  with  the  required  practice,  the  curve  j;,  jh  p  especially 
has  approached  to  that  of  a  hypermetropic  eye,  we  need  only  observe 
that  with  a  convergence  to  9",  nearly  the  maximuui  of  accommoda- 
tion is  attained. 

In  the  following  Chapter,  tieatiug  of  Spectacles;  and  also  in  speaking  of 
each  of  the  forms  of  ametropia,  I  shoU  revert  to  the  importaat  distiaotion 
made  in  the  foregoiug  section. 
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SPECTACLES  AND  THEIR  ACTION  IN  QENEfiAL. 

§12.  Different  Hnd^  ofspeetaclee. — ^In  ophthalmic  surgery  diiFerent 
kinds  of  spectacles  are  in  use,  which  are  employed  for  very  diilereut 
purposes. 

I.  Proff'ct  'ni'/ specfur/t's. — Of  these  \vc  distiiiLniish  two  varieties : 
a,  those  whirli  serve  only  to  keep  otl'  the  iiiechaiiieid  inthienee  of 
foreign  bodies,  dust,  fraii-iuetits  of  metal,  stone,  coal,  ete.  They  have 
nothing  to  do  witli  tlie  reixactioa  of  light  iu  the  eye^  and  call  for  uo 
further  eommeut  here. 

b,  tsjM'ctaclee  for  warding  off  light, — These  consist  mostly  of 
coloured  ghiss^  green  and  espeoialij  blue,  which  is  less  hnrtfol  to  the 
eye.  In  general^  howeFer,  at  least  in  dajUght,  the  giey,  so-called 
neutral  glasses,  deserve  the  preference.  The  white  sunlight,  re- 
flected hj  different  objects  in  their  particular  colours,  is  the  natural 
adequate  stimulus  to  Uie  retina,  and  by  good  neutral  glasses  these  rays 
are  tolerably  uniformly  diminished.  The  same  end  opticians  formerly 
attempted  to  attain  (Fischer)  by  combining  two  glasses  of  eom})le- 
mentar)'  colours.  It  is  desirable  in  every  case  that,  so  far  as  })ossible, 
the  whole  field  of  vision  should  be  uniformlv  obscured,  which  is 
accomplislu  i],  with  tolerable  accimicy  by  the  use  of  large,  round 
glasses,  resembling  watch-glasses,  but  more  perfectly  by  lateral  flaps  of 
silk  or  some  other  semitransparent  substance,  or  else  by  glass  of  the 
same  colour  as  the  spectacles,  the  objection  to  the  latter  being,  how- 
ever, the  increase  of  weight  The  light  falling  in  from  the  adde  has 
a  donbly  unpleasant  action,  when  coloured  glasses  ate  applied  in  front 
of  the  for  the  lateral  ports  are  then  seen  by  contrast  in  the  com- 
plementary colour  of  the  glasses,  and  in  the  remaining  part  of  the  field 
of  vision  the  complementary  colour  appears  still  stronger  as  a  secondary 
image,  so  soon  as  the  spectacles  are  taken  off.  In  persons  affected  with 
irritation  of  the  retina,  or  with  photo}jliobia  in  general,  we  may  re- 
commend the  use  of  lif^ht-absorbing  glasses,  when  the^ie  patients  are 
obliged  to  expose  themselves  for  a  certain  time  to  a  bright  light,  in 
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the  houses  wiih  moderate  light,  they  ought  to  lay  them  aside.  We 
should  not  forget  that  these  glasses  when  worn  in  the  snn,  become 

heateil  in  proportion  to  the  amount  of  rays  they  absorb,  and  that 
very  dark  glasses  may,  therefore,  be  considered  to  be  specially 
injurious  to  the  eye.  In  women,  iiKiderating  the  light,  wheu  neces- 
sary, by  means  of  veils,  is  tu  be  recommended. 

II.  Stenopftie  .spcrfncffs,  stenojutir  lorgnette j  Henopreic  apparatus. 
— Slight  obscurations  of  the  light-re  (rioting  media,  especially  those 
of  the  comesy  often  produce  great  disturbance  of  the  accuracy  of 
insion.  The  cause  of  this  is  to  be  sought  not  so  much  in  the  reflec- 
tion or  absorption  of  a  portion  of  the  rays,  aa  in  the  diffusion  of  the 
light  passing  through  them.  This  is  easily  ezphuned.  From  .the 
entire  field  of  vision  rays  fall  on  each  local  obscuration^  and  from  the 
latter  they  spread  further  in  all  directions  through  the  whole  eye. 
Consequently  in  the  region  of  the  yellow  spot  also,  an  image  is  not 
merely  formed  of  the  object  lying  about  in  the  direction  of  the  line  of 
vision;  but  over  this  ima^'e  is  spread,  with  the  existence  of  semi- 
transparent  s})ots,  a  uniform  light,  derived  from  the  whole  field  of 
vision.  This  (Ulfnsed  lii'lit  is  verv  disturl)inir.  Indeed  the  dillerences 
of  illumination  of  the  image  formed  hy  rcgidar  refraction  are  in  con- 
sequence much  more  fjiintly  distinguishable.  Just  as  in  looking 
through  a  real  mist,  the  diffused  light  is  added  to  the  relatively  weaker 
image,  and  therefore  also  spots  give  the  impression,  as  if  one  were 
looking  through  an  actual  mist :  the  only  difference  is,  that  a  mist  is 
more  perceptible  for  more  remote  objects,  and  that  misty  vision,  pro- 
dnoed  by  a  spot,  affects  all  objects  alike,  independently  of  distance.  It 
is  well  luiown  that  obscurations  produce  much  less  disturbance,  when 
the  eye,  turned  from  the  light,  contemplates  a  certain  object.  If  a  pic- 
ture or  another  ol>jeet  be  hung  against  the  pier  between  two  ^nndows, 
and  if  it  be  iUumiiiated  through  a  window  beliind  the  oljserver,  the 
latter  will  see  the  ol)jeLt  inueh  more  accurately,  and  with  more  con- 
trast of  light  and  shade  wheu  the  two  windows  are  closed  than  when 
they  are  open.  The  explanation  of  this  fact  is  to  be  found.in  the 
foregoing.  In  both  cases  (supposing  that  the  open  ^vindoW8  throw 
no  light  npon  the  object)  the  object  sends,  in  an  equal  degree,  rays 
into  the  eyc^  which,  regularly  refracted,  form  a  good  image  in  the 
region  of  the  yellow  spot ;  but  if  light  falls  upon  the  eyes  throng^ 
.  the  windows  placed  at  the  sides  of  the  object,  nnmeroua  rays  proceed, 
in  that  case,  likewise  from  the  illuminated  spots  over  the  image  of  the 
yellow  spot,  which  thus  becomes  covered  as  witii  a  white  crape.  Even  if 
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there  be  no  spots^  some  light  is  alw.'iys  (iiifused  in  the  eye,  and  thus 
even  the  normal  eye  will^  especially  if  the  time  of  life  be  somewhat 
advanced^  peroeiye,  as  it  were,  light  crape,  when,  in  the  experiment 
ja^t  described,  the  windows  are  opened.  We  know  further,  that 
where  obscurations  exist,  exclusion  of  the  peripheric  light  with  the 
band,  looking  through  a  tube,  etc./ increases  the  accuracy  of  the 
images.  Again,  it  is  the  warding  off  of  the  laterally  incident  light 
ditl'iisiiig  itself  troiii  the  spot  throughout  the  whole  eye,  which  here 
acts  heneficialiy.  The  practical  rule  hence  deducible  is  this; :  ///  ort/f  r, 
tc/irrr  ulj!<('it ratiiiitH  exist,  to  dist lufjuish  vitJt  rcldlire  acciiruc//,  let  the 
small  portion  of  the  field  of  vision ,  over  which  the  olfservation  is  toex- 
tettd,  bej^foperly  illuminated,  and  let  the  remaining  portion  be  keplaa 
dark  as  possible.  These  reflexions  on  the  injurious  efFect  of  ohi^curations 
led  me  to  the  application  of  stenopteic  remedies.  Their  object  is  to 
cat  ofiT  the  light  which  should  reach  the  obscurations,  and  through 
an  opening  to  give,  so  far  as  possible,  entrance  only  to  the  light 
which  is  subjected  to  a  regular  refraction  on  the  normal  part  of  the 
refracting  siuface.  The  narrow  opening  is.in  them  the  essential  part : 
hciK  c  the  ciciioniination  stenopreic  (from  orcvoy,  narrow,  and  onff, 
a  peephole).  In  order  not  to  limit  the  lidd  of  vision  mure  than  is 
necessary,  the  o^HMiing  must  be  as  close  as  possible  to  the  eye,  and 
with  a  view  still  better  to  keep  oti'all  lateral  light,  it  may  be  surrounded 
with  a  wall  widening  like  a  funnel.  The  opening  may  in  general 
have  the  form  and  nearly  the  size  of  the  clearest  part  of  the  portion 
of  the  refracting  surface  corresponding  to  the  pupil :  it  may,  ac- 
cording to  circumstances,  be  round,  oval,  or  slit-ldce.  Barely  will 
the  diameter  be  less  than  a  millimetre ;  often  it  will  amount  to  two 
or  more  millimetres. 

The  stenopaeie  apparatus,  which  is  an  indispensable  item  in  the 
ophthalmic  surgeon's  means  of  investigation,  is  a  very  short  cyliiuli  r, 
furnished  with  a  ham  He,  ojMtn  at  one  end  and  indented  towards  the 
eye,  and  provided  at  the  other  with  an  opening,  in  front  of  which  is 
a  diaphragm,  containing  ditl'erent  smaller  openings  of  various  diame- 
ters, and  capable  of  turning  rouiul,  so  that  each  of  these  openings  can 
he  seen  in  turn.  There  are  also  stenopteic  apparatus  provided  with  a 
slit  capable  of  being  widened  and  narrowed.^  With  the  aid  of  this 
apparatus  we  can  examine  whether  the  stenopsic  principle  increases 
the  accuracy  of  vision,  which  is  often  of  importance  in  a  diagnostic 

*  They  are,  as  well  as  the  stenopeeio  speotaoles  and  eyeglasses,  prepared, 
amuug  others,  by  Paets  and  Flohr,  opticianB,  unter  dea  Linden,  Berlin. 
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point  of  view ;  moreover,  we  may  ac(juire  an  indication  whether  it 
may  be  advaiit.igtDusly  a[)[)li('(l,  anil  wlmt  size  of  opening  is  the  most 
u.sel'ul.  Of  the  result  obtained  we  may  then  make  use  in  preseribing 
a  stenopeic  s])ecta(  le,  or  eyeglass.  To  speetaeles  for  use  in  the 
streets,  the  stenupieic  priiiei])le  is  in  general  not  applieable,  as  the 
field  of  vision  is  too  hmited.  On  the  other  hand,  such  spectacles  to 
which  the  requisite  glasses  have  been  fitted^  are  sometimes  yeiy 
serviceable  for  reading.  The  chief  application  of  the  principle,  how- 
ever, is  to  the  stenopeic  eyeglass.  Manj  persons  suffering  from 
opacity  have  recourse  to  it  of  their  own  accord,  by  warding  off  the 
peripherically  incident  light  with  the  hand,  liy  voluntarily  narrowing 
the  slit  between  the  eydids,  etc.,  in  order  to  increase  tiie  accuracy 
of  vision,  bat  this  objeet  is  always  much  more  perfectly  attained  by 
means  of  a  stenopieie  eyeglass. 

If  the  part  whieh  has  remained  clear  has  an  oblong  form,  a  sht- 
like  opening  will  be  most  snit.ible.     In  general,  it  is  a  great  advan- 
tage in  reading,  when  a  hori/ontal  sht  effects  the  object;  this  should, 
therefore,  always  be  tried.  If  the  opacity  is  only  on  one  side,  wc  may 
obtain  a  great  advantage  by  making  an  ordinary  spectacle-glass 
opaque  over  the  obscured  purt  (for  example,  by  applying  a  bhick 
lacker).   In  general  the  simplest  stenopieie  spectacles  are  those  in 
which  the  preferable  form  of  opening  is  left  as  the  only  part  of  the 
glass  not  obscured,  in  which  also  by  opaque  matter  on  tiie  outside  the 
light  incident  from  that  point  can  be  warded  off.    The  glass  may  in 
ortliiiary  eases  be  Hat,  but  otherwise  aceording  to  the  neeessities  of 
vision  it  sliould  have  a  eertain  foeus.    Tn  some  cases,  among  others, 
after  the  extraction  of  cataract,  1  have  found  gri'at  advantage  from 
partially  covering  the  glass  with  black.    It  is  not  uncommon,  when 
the  fiap-scction  was  made  downwards,  for  the  inferior  part  of  the 
cornea  to  become  somewhat  turbid,  particularly  if  the  iris  has 
attached  itself  to  the  wound,  or  is  even  slightly  prolapsed.  Thedis* 
tnrbance  is  the  greater,  because  the  pupil  too  is  thereby  drawn 
downwards,  and  probably  the  curvature  of  the  cornea  is  somewhat 
irregular,  so  that  reading  with  an  ordinary  convex  glass  is  attended 
with  great  difficulty,  or  is  even  quite  impossible.    But  it  is  in  the 
most  surprising  manner  relieved,  when  the  glass  is  covered  to  a  defi- 
nite height  with  an  opacpie  black  matter  over  whicli  tlie  eye  sees, 
while  the  rays  which  should  reach  the  inferior  non-transparent  and 
irregular  part  of  the  cornea,  are  cut  oil'.    This  mode  of  using  the 
.  giatis  limits  the  field  of  vision  only  iuferiorly,  and  is  therel'ore 
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attended  with  iio  impediment  whatever  to  readiug,  uor  even  to  visiou 
in  general. 

Lastly,  it  may  be  mentioned  (what  h;is  reference  more  especially  to 
anomalies  of  refraction),  that  the  stenop;eie  eyeglass  has  also  lea* 
dered  me  very  essential  senricein  the  highest  degrees  of  myopia,  parti- 
cularly when  the  accuracy  of  vision  had  at  the  same  time  suffered 
oompantively  much.  If  it  were  only  for  this  reason,  therefore,  the 
atenopseic  apparatos  ought  not  here  to  be  passed  o?er  in  silence.  In 
such  cases  vision  of  near  objects,  at  least  with  one  eye,  is  attended 
with  no  other  inconvenience  than  that  the  object  most  be  brought 
"Very  near  the  eye,  to  3"  or  less.  Bat  distant  vision  is  extremely  im- 
perfect, and  is  comparatively  little  improved  by  concave  glassis, 
which  correct  the  myopia.  If,  with  their  aid,  the  images  are  more 
accurately  seen,  they  at  the  same  time  become  so  much  smaller,  that 
an  amblyopic  eye  still  distinguishes  little,  and  is,  therefore,  by  no 
means  satisfied.  lu  such  cases  then,  a  stenopceic  eyeglass  with  a 
small  opening  yields  very  good  service.  It  here  acts  in  a  well-known 
manner,  quite  different  from  that  treated  of  above,  by  diminishing 
the  circles  of  diffusion.  It  is  manifest  that,  in  imperfect  accommoda* 
tion,  the  magnitude  of  the  circles  of  diffusion  increases  with  the 
magnitude  of  the  base  of  the  cone  of  light  (the  surface  of  the  pupil). 
Now  in  high  degrees  of  myopia  the  pupil  is  usually  very  wide,  and 
the  disturbance  in  looking  at  distant  objects  is,  therefore,  relatively 
very  great.  Precisely  for  tins  ri'ason  it  is  that  a  stenopa^'ic  eyeglass 
produces  so  great  improvement.  If  a  myo[)ic  individual  looks 
through  an  opening  of  from  4''  to  I"  in  diameter,  he  distinguishes 
at  a  distance  as  accurately  as  through  glasses,  which  imperfectly 
neutralise  his  myopia,  and  he  has  the  advantage  that  the  objects  ap- 
pear larger.  If  an  emmetropic  person  wishes  to  convince  himself 
of  thif^  let  him  hold  a  positive  gkss  before  his  eye,  so  that  it 
becomes  myopic,  and  he  wiU,  on  looking  through  an  opening,  obtain 
the  effect  described,  and  can  estimate  the  partial  neutralisation  of  the 
artificial  myopia.  In  like  manner  we  may  also  within  the  nearest 
distance  of  distinct  vision,  by  diminution  of  the  circles  of  diffusion, 
with  the  aid  of  a  small  oj)eniiig,  distinguisli  with  tolerable  accuracy, 
and  thus  view  small  objects  much  nearer  to  tlu;  eye,  that  is  under  a 
much  greater  angle.  However,  in  either  ease  we  lose  both  in  light 
and  in  extent  of  the  field  of  vision.  As  to  light,  we  lose  the  more, 
the  smaller  the  openiug  is,  and  in  myopia  it  is  therefore  often  ad- 
visable not  to  have  the  opening  very  sinall,  but  with  the  stenopseic 
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ejeglass  to  combme  a  glassy  wbicH  partially  corrects  the  mjopia. 
With  respect  to  the  extoot  of  the  field  of  vision  we  lose  the  more,  the 
farther  the  o])i  ning  is  from  the  eje.  In  combining  a  negative  glass 
with  the  stenopajic  eye-piece,  the  patient  will  therefore  tnm  the 

small  openiiiii;  towards  the  eve,  wlicii  his  principal  object  is  to  increase 
the  field  of  vision  ;  on  the  contrary  the  negative  lens,  when  he  chiefly 
desires  to  obtain  greater  distinctness  of  vision. 

HI.  Pr  'iHmatic  gluxses,  prismatic  spevlncles. — Prisms  are  nsed,  in 
order  by  refraction  of  the  light  upon  two  surfaces,  to  obtain  the  well- 
known  spectrum.  The  angle,  which  the  two  refracting  surfaces  make 
with  one  another,  is  the  angle  of  refraction  of  the  prisoL  For  the 
object  mentioned  a  large  angle  is  taken :  most  prisms  are  triangular, 
and  each  of  the  three  angles  then  amounts  to  60*.  They  are 
usually  made  of  flint  glass,  in  order,  with  considerable  declination^  at 
the  same  time  to  obtain  a  decided  dispersion.  Forophthalmological 
purposes,  on  the  contrary,  only  t-ligbt  de-cliuation  is  required,  and  we 
therefore  use  prisms  with  a  smaller  angle  of  refraction,  from  3^  to 
24-° ;  moreover,  it  is  necessary  to  select  a  kind  of  glass,  which,  with 
reference  to  its  refracting  power,  presents  but  slight  dispersion,  for 
example,  crown  glass.  Such  prisms  are  given  in  the  boxes  for 
ophthalmological  nse,  usually  in  sixteen  numbers.  The  numbers 
from  III.  to  XXIV.  indicate  the  refracting  angles,  3"  to  24'^.  In 
the  position  of  least  declination,  the  angles  of  declination,  for  tbe 
low  numbers,  are  nearly  the  half  of  these  refracting  angles :  for  tbe 
higher  numbers,  they  are  somewhat  more.  If  we  wish  to  know 
these  accurately,  it  is  necessary  to  determine  the  deviations  for  each 
glass  separately. 

The  ilrclination  of  the  light  by  prismatic  glasses  is  the  cause  why 
objects,  seen  through  such  glasses,  exhibit  themselves  in  another 
direction.    Let  i  (Jb'ig.  65)  be  a  point  of  light,  ♦  a  a  ray  falling  at  a 

Fig.  65. 


on  one  of  the  refracting  surfaces  of  the  prism,  this  approaches  the  per- 
pendicular V  a,  instead  of  continuing  in  the  same  direrl  ion  n  a\  and  runs 
as  a  ^  in  the  prism ;  arrived  at  6  it  again  alters  its  direction,  now  in 


uiyiii^ca  by  Google 


PRISMATIC  GLASSES.  193 

paasiog  from  gfaiss  into  air^  dedining  from  the  normal  6,  and  asbe 
reaches  the  eye  0,  Evidently^  therefore,  the  point  i  is  seen  in 
the  direction  b  e,  abont  in/.  In  this^  however^  the  more  refrangible 
rajs^  those  on  the  videt  side,  undeigo  a  greater,  the  less  refrangible, 
those  on  the  red  side,  nndergo  a  less  declination.  Hence  proceeds 
a  disturbance  by  coloured  marijins  to  the  objects,  which  is  greater 
in  proportion  to  the  strengtli  of  tin?  ])rism,  and  M'liieli,  precisely 
in  ])ov\»Tful  prisms,  it  is  hard  to  remove.  In  order  to  obtain 
a  declination  without  dispersion,  the  prism  must  be  made  achromatic 
by  being  compounded  of  two  prisms,  C  (fig.  66)  of  crotm  glass, 
F  of  flint  glass,  which,  acting  in  opposition,  com-  -pig,  66. 
pletely  remove  each  other's  dispersion,  bat  only 
partially  destroy  each  other^s  refraction.  Snch 
achronuitic  prisms,  however,  soon  become,  when  a 
declination  of  some  degrees  is  required,  too  thidc 
and  too  heavy  to  be  worn.  This  objection  might 
perhaps  be  partly  met,  by  having  the  prisms  very 
small  (to  have  large  prisms  as  eye-glasses  is  of 
no  use),  because  in  order  to  see  rathtT  distinctly, 
we  must  not  look  obliquely  through  the  glass,  but  about  at  the  angle 
of  least  declination.  So  far,  however,  the  achromatic  prisms  have 
not  yet  come  into  use. 

What  led  to  trying  prismatic  glasses,  was  a  declination  of  the 
visoBl  lines.  The  idea  of  making  it  possible  to  look  with  both  eyes, 
in  spite  of  this  declination,  occarred  first  to  my  friend  Erecke;, 
Doctor  of  Natural  Fhflosophy,  of  Utrecht,  whose  idea  I  endeavoured 
to  realize  and  to  explain  physiologically.*  On  experimenting  with 
the  glasses,  three  remarkabh'  uhenomena  immediately  presented  them- 
selves. In  the  first  place  it  appeared,  that  one  feels  involuntarily  im- 
jK'lled,  by  changing  the  direction  of  the  visual  lines,  to  remove  the 
double  vision  which  has  taken  })laee.  If  we  hold  the  ghiss  with  the 
refracting  angle  inwardii,  then,  iu  order  to  bring  the  double  images 
into  one,  stronger  cKuTeigence  is  required,  and  this  is  immediately 
almost  involuntarily  effected.  On  removing  th(f  glass,  double  images 
again  exhibit  themselves,  which,  by  diminishing  the  convergence,  are 
once  more  forthwith  thrown  together;  only,  if  the  prism  has  been 
long  held  before  the  eye,  a  tendency  to  increased  convergence  con- 
tinues for  some  time.   In  the  second  place  it  seemed,  that  the 

•  Nederlanthch  Lancet,  uit{?ejeven  door  F.  C.  Donders,  0.  L.  H.  EUer- 
ea  J.  H.  Jansc-Q,  2  Ser.  JD.  III.,  pp.  227  and  233,  1847. 
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visual  lines  are  usually  capable  of  only  very  slight  divcrfjeuce,  and 
that  they  can  scnrcdy  decline  upwards  and  downwards,  even  under 
the  pressure  of  the  necessity  of  rendering  the  vision  single.  In 
general  the  j)rism,  when  the  refracting  angle  is  turned  to  the  out- 
side of  the  eye,  ought  to  be  very  weak,  in  order  to  allow 
the  observer  still  to  see  remote  objects  single ;  and  the  same  weak 
priam,  when  the  refiactmg  angle  is  turned  apwaida  or  downwards, 
prodooea  double  images,  which  cannot  be  oveioome.  If,  finallj,  the 
obaenrer  has,  after  long-continued  efforts,  succeeded  in  throwing  into 
one  the  iouble  images  atandmg  (in  the  last  case)  above  one  another^ 
the  double  images  which  now  arise  on  removing  the  prism^  do  not 
immediately  run  together  again.  Thirdly  and  lastly,  we  can  convince 
ourselves  of  what  has  been  stated  above  (p.  110),  that  under  the  in- 
fluence of  a  prism  with  the  angle  turned  towards  the  inside  or  out- 
side, the  observer  can  converi^c  more  or  less  strongly,  without  being 
able  to  alter  the  tension  of  his  accommodation. 

These  results,  obtained  with  the  aid  of  prismatic  glasses,  are  of 
essential  importance  for  the  physiology,  and  for  many  points  in  the 
pathology  of  the  eye.  But  b^ond  this,  these  glasses  serve  different 
useful  purposes  in  ophthalmic  surgery,  which,  partly  previously  fore- 
seen, have  been,  especially  by  von  Ghraefe,  practically  tested.  Thus 
they  may  be  applied  in  the  diagnosis  of  different  anomaUes  of  the 
muscles,  and  of  the  degree  of  these  anomalies.  Thus  they  may  be 
used  to  correct  slight  incurable  declinations  of  the  visual  lines,  out- 
wards, ii])\vards,  or  downwards,  whereby  confusing  double  images 
are  produced,  or  to  remove  the  muscular  asthenopia,  depending  on  in- 
sufficient power  of  the  musculi  recti  intemi.  Thus  we  may  further, 
in  paresis  of  a  muscle,  so  far  meet  the  disease  by  means  of  a  prism, 
that  in  order  to  make  the  double  inures  which  liave  been  brought 
near  one  another,  run  together,  the  mnsdea  will  become  powerfully 
tens^ which,  forthe  alleviation  of  theparesu,  appears  to  be  no  matter 
of  indiflbrence.  Finally,  what  deserves  to  be  here  particularly  men- 
tioned, these  glasses  are  also  of  importance  in  anbmiJies  of  refiraction. 
They  show,  that  hypermetropic  individuals  distinguish  accurately  witli 
greater  ease,  when  they,  looking  through  a  prism  with  the  angle 
turned  inwards,  for  the  sake  of  single  vision,  can  converge  more 
strongly,  a  fact  by  which  the  origin  of  strabismus,  in  conse- 
quence of  hypennetropia,  is  explained ;  and  it  will  hereafter  appear 
that  we  sometimes  advantageously  apply  the  principle  of  the  pris- 
matic ghuses,  by  modifying  the  mutual  diatance  of  either  the  convex 
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or  concave  glasses  of  spectacles,  so  that  tho  cvos  look  through  these 
glasses  at  the  sHc  of  the  axes,  which,  just  hke  the  use  of  a  prismatic 
glass,  modifies  the  direction  in  which  an  object  is  seen. 

Giauei  wUk  spAerieal  wrfaeei,  ordinary  convex  and  coneare 
spectacle-glasses. — Glasses^  whidi  modify  the  limits  of  distinct  vision^ 
are  called  lenses.  Of  these  we  have  two  kinds,  both  of  which  are  used 
aa  spectacle-glasses :  converging  lenses  (Fig.  67      which  cause 


Fig.67t 

I 


parallel  rays  a  b  and  a'  b'  to  converge  9»c  d  and  c  d';  and  diverging 
lenses  (Fig.  68 1),  which  cause  a  b  and  a  b'  to  diverge  9»  ed  and 

Fig.  68  /. 


«^  <f .  A  converging  lens  has  its  focal  point  f  on  the  other,  a 
diverging  lens  on  the  same  side  as  that  whence  the  rays  come.  The 

first  unit^  the  rays  .into  a  real  focus ;  the  latter  does  not  actually 

unit*'  them,  hut  causes  them  to  assume  a  direction  as  if  tlicy  had  pro- 
ceeded from  the  point  in  which  the  ])rol():ii;ati(>ns  of  c  d  and  c  d 
(the  dotted  lines)  cut  one  another :  hence  this  point  is  called  also  a 
virtual  focus. 

Besides  the  above  biconvex  lenses,  we  have,  as  converging  lenses, 
the  planO'Convex  and  the  eoncavo-eonvex  or  potUive  mentsetu  {wUA 
sAorter  radiiu  of  the  convex  wrfaee),  as  well  as,  in  addition  to  the 
bieoMcaoe,  as  diverging  lenses,  the  pUmo-coneave  and  the  canioex-e<m* 
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none  or  negative  meniscus  (with  slinrter  radius  of  the  concave  surface). 
The  })lano-convex  and  })lano-con(  a\ c  have,  for  equal  degrees  of 
power,  the  grt^^itcst  aUrmtion,  and  they  are  consequently  to  be  re- 
jected as  spectacle-glasses.    The  biconvex  and  biconcave  answer 
better.    To  the  menisci  the  advantage  is  attributed,  beyond  these, 
that,  as  Wollaston  showed^  the  images  safier  less,  when  the  obaerver 
looks  obliquely  (under  an  angle  with  the  axis)  through  them,  so  that 
the  eyes  can  move  more  freely  behind  these  glasses.  They  are  there- 
fore, al8%  called  periteopie  (from  irtpwimnw,  to  look  around).  How- 
erer,  we  can  also  see  satisfiMtorily  in  an  oblique  diiection  through 
biconoaye  and  biconvex  glasses,  provided  they  are  not  too  strong,  and 
if  high  numbers  are  required,  the  periscopic  glasses  have  again  the 
disadvantage  of  greater  weight.    Were  it  only  for  this  reason,  there- 
fore, tlie  latter  do  not  unconditionally  (Kserve  the  preference.  When 
we  add  that  under  some  circumstance^  the  pcrisco|)ic  glasses  are  more 
liable  to  j)roduce  disturbance  by  reflexion  on  the  concave  surface 
turned  towards  the  eye,and  that  they  are,  moreover,  somewhat  more 
expensive,  we  sliall  not  be  surprised  that  they  have  not  wholly  sup- 
planted the  biconvex  and  biconcave  glasses. 

Biconvex  and  biconcave  spectacle-glasses  are  ground  with  equal 
radii  of  the  two  sur&ces.  The  optbd  centre  o  (Figs.  67  and  68) 
lies  then  in  die  middle  of  the  lens  m  the  axis  A  A,.  Now  the  dis- 
tance from  the  focus  f'  to  this  optical  centre  o  is  usually  called  the 
focal  distance  F.  This  is,  however,  not  quite  correct;  P  is,  iniact, 
the  distance  from  focus  to  principal  polfif.  For  ordinary,  not  very 
thick  lenses,  with  cijual  radii  of  the  two  surfaces,  that  is,  for  the 
ordinary  biconvex  and  biconcave  spectacle-irlasses,  this  inaccuracy  is 
of  no  importance;  but  in  the  case  of  cneuisci,  we  must  ascertain  the 
principal  points,  in  order  to  know  the  position  ot  the  foci,  and  to 
be  able  to  take  into  account  the  distance  from  focus  to  principal 
point  as  F. 

The  sul^ined  figures  (69,  a  biconvex,  70,  a  .biconcave  lens ;  71,  a 
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postiTe,  72,  a  native  meniscas),  show,  for  the^c  different  forms  of 
lenses,  the  positioQ  of  the  first  ami  second  principal  points  //,  and  h», 
and  of  the  fiist  aad  second  focus  0^  and  K  The  rajs  which,  parallel 


Fig.  70. 


Fig.  71. 


to  the  axu,  fall  on  the  snrfaoe  1,  have  their  focns  in     those  which, 

coming  from  the  other  side,  fall  parallel  to  the  axis  on  the  surface  2, 
unite  in         Tor  11  lens  standings  in  air  //,  ^,  is  always  =  //,  Vv,  both 
=  F.  If  now,  as  in  Figs.  GO  and  70,  the  two  surfaces  of  curvature  be 
equal,  the  ])oints  //  0  ruid  ^,  <p.,  will  evidently  lie  symmetrically  in 
the  axis.    But  if  the  surfaces  of  curvature  be  not  equal,  if  even  one 
of  them  be  concave,  the  other  convex,  as  in  Figs.  7 1  and  7  2,  the  points 
A     may  have  another  position,  and  may  even  be  external  to  the  mass 
of  the  giass,  and  the  fod  ^,  and  ^«  will  then  also  lie  at  different  dis- 
tances from  the  lens.   It  will  be  understood  that,  even  for  these  rea- 
sons, it  Is  by  no  means  indifferent  which  surface  of  these  lenses  is  turned 
towards  the  eye.   In  speaking  of  the  influence  of  the  distance  of  the 
glass  from  the  eye,  I  shall  return  to  this  point.    The  reader  who 
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may  wish  to  examine  more  closely  into  the  signification  of  the  prin- 
cipal points,  will  find  the  explanation  thereof  at  pp.  4i  and  50. 

The  power  (the  converging  or  divcrginir  ]>owcr)  of  a  lens  is  inver- 
verseljr  proportional  to  its  focal  distance  1\   It  may,  therefore,  be 

expressed  by  ^  for  couvergiug,  and  by  —  i  for  diverging  lenses. 
The  valae  of  F  we  state,  just  as  in  the  namerical  expsessioii  of  the 
range  of  accommodation^  in  Parisian  inches :  glasses  of     of  —  ^9 

etc.,  are  therefore  glasses  of  6"  positive,  of  8'  negative  focal 

distance,  etc. 

Besides  the  spectacle-glasses  above  described,  there  are  others 
with  a  ditl'erence  of  focal  distance  in  the  superior  and  inferior  parts. 
Franklin  was  slightly  myopic  and  had  little  power  of  accommodation ; 
for  seeing  at  a  distance  he  had  need  of  negative,  for  seeing  near 
objects  he  had  need  of  positive  glasees.  Now,  as  in  looking  at  near 
objects  we  look  through  the  lower,  in  looking  at  a  distance  we  look 
tlm>iigh  the  npper  half  of  the  spectacle  glasses,  he  combined  two 
halTes,  the  one  of  a  negative,  the  other  of  a  positive  ^ass,  tamed 
the  negative  halves  upwards,  the  positive  downwards,  and  in  this 
manniff  provided  reij  well  for  his  want  of  accommodation.  These 
spectacles  have,  after  the  philosopher  who  first  used  them,  acquired 
the  name  of  Franklin's  glasses.  Recently  it  has  been  attempted  to 
attain  the  same  object  which  Franklin  proposed  to  himself,  by 
grinding  in  the  upper  ])art  of  the  spectacle-glass,  the  surface  turned 
from  the  eye,  with  another  radius.  The  glasses  are  prepared  in  Paris 
under  the  name  of  wrres  ^  double  foyer.   Fig.  73  a  represents  a 

Fig.  73. 


A 


superficial  view  of  such  a  glass  (slightly  positive  above  and  strongly 
positive  below) ;  b  exhibits  a  section  of  the  same.    I  stated  onij. 
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what  focal  distance  I  desired  for  the  upper  and  lower  part,  and  found 
that  my  directions  we*^e  always  accurately  carried  out,  both  when  I 
requested  only  a  different  positive  or  negative  focus  in  the  two  halves; 
and  when  I  required  a  negative  focus  above,  and  a  positive  focus  below. 
In  general  these  spectacles  answered  well.  It  is  indispensable  that 
they  be  placed  at  the  proper  height  before  the  eyes,  so  that  in  looking 
at  a  distance  the  rays  may  fall  upon  the  organ  only  through  the  upper^ 
and  in  looking  at  near  objects^  only  through  the  lower  part  It  ia 
also  neoesaaij  that  the  difference  in  the  direction  of  vision  he  deter- 
mined more  by  moving  the  eyes,  than  by  moving  the  head.  If  the 
pupil  be  opposite  the  bonndaiy  between  the  two  parta^  vision  will^  of 
course,  be  very  confused. 

It  is  bv  no  means  a  matter  of  indiHercnce  of  what  material  the 
spectacle-glasses  are  made.  Flint  glass  and  es])ecially  rock-crystal 
are  hardt  r.  and  glasses  made  of  them  are  not  so  easily  scratched. 
This  is  particularly  a  recommendation  in  the  case  of  convex  glasses 
which  are  so  much  more  liable  to  be  scratched.  Against  the  advan- 
tage jnst  mentioned  as  being  possessed  by  flint  glass  and  crystal, 
must  he  set  down  the  disadvantage  of  greater  power  of  dispersion. 
Hence  it  would  appear  that  for  Hrang  fflauet  the  preference  ought 
to  be  given  to  eramti  ghuB,  This  is  especially  true  of  concave  glasses^ 
and  as  to  convex  glasses  of  crown  glass,  their  low  price  makes  it 
easy,  if  they  are  scratched,  to  replace  them  with  others. 

Achromatic  glasses  are  not  available  for  spectacles  ;  if  glasses  of 
short  focal  distance  be  required,  achromatism  is  attended  with  loo  great 
weight,  and  if  glasses  of  long  focal  distance  be  sufficient,  even  with  the 
use  of  crystals,  glasses  do  not  prevent  the  dispersion  of  colour. 

As  the  ophthalmofloopo  is  important  for  the  oljeetive  diagnods  of  defeots  of 
tha  eye,  so  is  a  oolleotbn  of  speotsde-glasMs  for  their  saljeoti  ve  investigation. 
Sofih  glaases  are  at  once  inditpeniable,  not  only  for  the  determination  of 
anomalies  of  lefimotion  and  accommodation,  but  also  in  many  cases  for  that 
of  the  aooaracy  of  vision,  so  that  without  them  the  examination  of  the 
ftinctions  of  the  eye  is  impossible. 

The  usual  boxes  contain  : — 

1.  Twenty-eight  pairs  of  l)icon vex  glasses,  namely  of  2,2^,2^,,  3,  3  J,  4,  A\, 
6,  oi,  6,  7,  8, 1),  10,  12,  14,  IG,  18,20,  22,  24,  28,  30,  40,  48,  60,  72,  and  100 
inches  positive  focal  distance. 

8.  Twenty-eight  pairs  of  hioonoaTe  ghunesof  the  same  fooal  distanoee,  hnt 
aegatnra. 

8.  TweWe  (or  sixteen)  prismatio  gksees  with  lefraeting  angles  of  8^,  4^ 

6»,  e**,  7®,  8*>,  9«>,  10«»,  12°,  140,  16<»,  18«»  (or  to  24o). 
4.  A  frame  with  elastie  rings,  ia  whieh  these  ghwses  oan  he  used. 
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5.  Some  quadran^lar  pieces,  6  inches  lonj^,  1  \  inclies  broad,  of  different 
shades  of  blue  glass,  capable. of  being  held  before  bj^ith  eyes  at  once. 

6.  A  glass  of  carmiDe-red,  well  adapted,  in  case  of  a  false  position  of  the 
yUxuX  Hdm,  to  oolour  one  of  the  double  imaget. 

On  the  oonvex  and  oonoave  glasses  the  fooal  dittaneea  are  inaerihed  with 
a  diamond.  The  same  b  the  ease  with  many  speotaoles  met  with  in  trade. 

With  reapeot  to  theae  last,  how- 
"^^^  ever,  we  must  not  depend  upon 

the  mark,  but  must  always  deter- 
mine the  foe  ill  distance  by  com- 
parison with  the  standard  glasses. 
The  metliod  is  extremely  simple. 
We  examine  with  our  own  eye, 
with  wliat  glass  they  agree  in 
dimiidshiag  or  magnifying  power. 
As  objeet  we  employ  two  slight 
parallel  lines.  We  hold  the  glaia 
tolerably  far  from  the  eye  (about 
a  foot),  and  so  far  from  thepaper, 
that  wo  see  the  two  lines  aoon- 
rattly  tlirout:h  tlio  glass.  We 
now  liol<l  the  standard  ^'lasses  for 
comparison  in  the  saiiu-  jilanc  with 
the  glass  to  be  examined,  and  wo 
shall  then  be  able  to  determine, 
with  suffioient  preoisioD,  to  whioh 
of  these  it  oorresponds. 

The  diieet  determination  of  the 
focal  distance  of  a  glass  is  more 
difficult.  The  simple  measurement 
of  the  distance,  at  which,  behind  a 
convex  {,'lass,  the  solar  image  is 
exhibited  upon  a  screen,  gives  the 
value  only  approximatively.  The 
same  is  of  course  true  of  the  de- 
termination of  the  conjugate 
fooal  distanoes  of  a  flame  and  its 
image,  whence  the  principal  fooal 
distance  can  then  be  oaloulated. 
Different  other  methods  are  stated 
which  lead  to amore correct  result 
I  obtained  very  accurate  determi- 
nations bv  measuring  the  majrni- 
tudesof  an  ol.ji'ctandofitsdioptric 
image,  both  with  tlie  aid  of  the 
ophthalmometer  (compare  p.  17). 
As  object  I  employed  three  small 
openings  in  a  Tciy  thin  blackened  metallic  plate  (Fig.  74  P),  behind  whioh 
was  placed,  in  front  of  an  opening  in  a  laige  screen,  the  globe  of  a  brightly 
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1>u.riii«ig  lamp.  This  plate  is  fixed  to  the  extramity  of  a  fiat  copper  ruler  {A 
T^MtiDg  OIL  a  pedestal,  and  fiuniiahed  with  an  aoonrate  loale,  and  on  whioh 
a.   wtaittU  plate  («  x'),  provided  with  a  lons-beaier  (I),  is  movable.  This 

little  plate  has  at  x'  a  aonins,  with  which  the  twentieth  part  of  a  line  can 
\>e   VCMui  ofi*.    On  the  same  ruler  (A  A*)  a  second  plate  (y  y')  is  movable, 
canrying  a  small  r\r\^  (r).    The  centres  of  the  two  rinjfs,  and  the  centre  of 
image  (the  three  openinjyjs  in  the  plate  P)  lie  in  one  horizontal  line, 
"wViioh  must  be  so  placed  as  to  coincide  with  the  axis  of  the  ophthalmometer, 
liy  adjusitinir  tlie  ojdithalmometer  consecutively  for  the  three  dill'erent  dis- 
'^a.zices,  we  can  ascertain  wbethtr  this  condition  is  fultllled.  The  axis  of  the 
otplkthalmometer  heing  fixed  they  must  appear,  on  moving  the  eyepiece,  sue- 
oeaaively  and  aeoorately  in  the  oentre  of  the  field  of  the  ophthalmometer. 

"We  now  first  measure  the  magnitude  of  the  ohjeet  As  the  reader  is 
skware  (oompare  p.  18),  measuring  with  the  ophthalmometer  is  accomplished 
\>y  doubling  the  image  and  rsading  off  the  degrees  on  the  ophthalmometer, 
when  the  double  images  are  removed  from  one  another  by  the  breadth 
of  the  object  to  be  measured.    Now  no  object  is  capable  of  more  accurate 
ineasurement  than  three  small  points  of  li>rht  (Fig.  71  P  . . .).    Thus  we  can 
very  jH-rfeetly  determine  (method  of  Bessel,  in  use  in  astronomy),  when,  ou 
doubling(Fig.  7o),  1'  of  the  one  image  (!',  2',  3')  comes  to  stand  exactly  in  the 
centre  between  2  and  3  of  the  other 
image  (1,  2, 3),  and  the  distanoe  «  Pig*  75. 

jf  is  then  measured  as  ohjeet  For     «  o   ^    «  «  t 

the  same  reasons  we  use  three  points     •  •   •  • 

of  light,  namely,  the  three  reflex     *^  y 
images  of  three  distant  flames,  when 

we  w  ish  to  determine  from  the  magnitude  of  the  reflected  image,  the  radivs 
of  curvature  of  the  cornea,  or  of  any  other  reflecting  surface. 

Now  knowing  the  magnitude  of  the  object,  which  we  have  been  able  to 
measure  aeciiratelv  hy  the  method  just  described,  we  next  seek  the  magni- 
tude of  the  dioptric  image  formed  of  it  hy  the  lens,  whose  focal  distance  we 
wish  to  ascertain.  For  this  purpose  we  place  the  latter  in  the  h  ns-bearer  / 
(Fig.  74),  bring  this  to  a  distanoe  from  the  object  (the  plate  P)  equal  to  the 
doable  of  the  nearly  known  focal  distanoe  of  the  lens,  and  make  the  distanoe 
r  I  equal  to  I P,  The  ophthalmometer  we  have  permanently  fixed,  after 
having  measured  the  ohjeet  (the  three  small  openings)  in  the  oentre  of  the 
field.  We  now  move  the  eyepieee  ao  as  to  see  the  ring  r  accurately,  and  we 
shall  then  at  the  same  time  perceive  the  dioptric  image  of  the  three  openings. 
But  the  axis  of  the  lens  will  then  coincide,  as  it  ought,  with  that  of  the 
ophthalmometer,  only  when  the  dioptric  image  falls  exactly  in  the  centre  of 
the  rimj  r.  Hence  we  must  take  care  to  ettect  this,  and  precisely  on  the 
accuracy  with  which  this  can  be  accomplished,  depends  the  validity  of  the 
method  here  pursued.  While  we  see  the  dioptric  imuge,  we  at  the  same  time 
oheerve,  whether  it  ooineides  in  magnitude  with  the  ohjeet  In  this  ease  the 
points  of  light  will  occupy  the  same  place  in  referenoe  to  one  another  (Fig. 
76),  as  that  at  which  the  object  was  measured,  that  is,  1'  will  stand  in  the 
middle  bet  ween  2  and  3.  I  f  i  t  appears  that  the  dioptric  image  is  larger,  we  re- 
move tlie  plare  xx*  from  P;  if  on  the  contrary  it  is  smaller,  we  i^>proximste 
X  y  to  P,  until  the  positiuu  of  the  imeges  is  precisely  the  same  as  it  was  in 
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meattiruig  the  object.  When  this  has  heen  attainedi  wehftveonly  with  the 
nonias  jr'to  read  off  the  exact  distance  of  the  lens  from  the  thin  plate  /*,  in 
order  to  know  the  double  focal  distance  of  the  lens.  Indeed,  when  object  and 
dioptric  image  luive  the  same  ina2:nitude,  both  are  at  an  equal,  and  in  fact 
at  the  double  fucal  distance  from  tlit  respective  principal  points  of  the  lens, 
and  if  the  latter  be  a  biconvex  leu^i,  with  equal  radius  of  its  two  surfaces, 
likewise  at  an  equal  distanoe  from  its  opdetl  eentte. 

In  the  manner  proposed  we  ean  eonTenientlj  make  only  one  measmement 
of  the  dioptrio  image.  More  aooorate  reenlta  are  obtained  when,  imepeo- 
tively  of  equality  of  magnitude  of  object  and  dioptrio  image,  the  first  bdn^ 
known,  and  the  lens  bein^^  arbitrarily  placed,  we  simply  measure  the  latter, 
and  of  different  determinations  take  the  mean.  The  magnitudes  of  the 
object  7/  and  the  dioptric  image  /3  are  one  another  as  the  conjugate  focal 
distances /'  and /',  whereof /',  being  the  distance  between  the  lens  and  tho 
object,  is  known  by  reading  oil'. 

Hence  we  find 


and,  further,  v^f  f* 

TTT' 

If  we  rep  at  the  oalculations  with  eome  diffiirent  Talues  of/',  the  aTerago 

will  be  extremely  accurate. 

The  focal  distance  of  concave  glasses  can  be  ascertained  with  tolerable 
accuracy,  by  selecting  the  convex  glass,  which  when  combined  with  the 
concave,  removes  all  effect  of  the  latter.  But  in  doing  this,  it  is  not  a 
matter  of  iudiflereuee  which  of  the  two  glasses  is  turned  towards  the  eye. 
By  the  aboTo-deeeribed  method  I  have,  in  connexion  with  Dr.  Doijer,  de- 
termined the  fooal  distaneee  of  the  apeetacle-glasses  (those  with  ihorter 
foeal  dietanoes  direetly,  those  with  longer  by  combination)  in  my  box,  fur- 
nished by  Paetz  and  Flohr  at  Berlin,  and  I  found  that  the  focal  distaneea 
are  all  shorter  than  is  stated.  This  is  in  great  part  to  be  attributed  to  the 
fact,  that  the  distances  are  expressed  in  Prussian  inches,  which  are  some- 
what less  than  the  French.  If  we  calculate  a  reduction  in  the  ratio  of 
15:  IG,  the  deviation  will  be  sli^j^ht  onou^h  to  prevent  any  practical  incon- 
venience. My  proiMjsal  to  make  Parisian  inches  the  basis  of  the  formula}  of 
the  numerical  values  of  the  range  of  accommodation,  of  anomalies  of  refrac- 
tion and  of  the  glasses,  is  generally  enough  followed,  to  make  it  highly 
desirable  that  boxes  should  be  obtainable,  the  fooal  distanees  of  whose 
glasses  should  be  accurately  expressed  in  Parisian  inohes.  I  feel  confident 
that  Kaehet  et  file,  opticians  in  Paris,  will  bring  them  into  the  market 

The  nature  of  the  material  of  which  the  glasses  are  prepared  can  be  best 
ascertained  by  determining  the  coefficient  of  the  refraction  of  light.  In 
order  to  calculate  this,  according  to  the  simple  formulas  (compare  p.  40), 
we  must  know  the  focal  distance  and  the  radius  of  the  two  surfaces  of  cur- 
vature. The  mode  of  determining  the  focal  distiince,  with  the  aid  of  the 
ophthalmometer,  has  been  accurately  explained.  The  same  instrument  may 
serve  for  deducing  the  radius  of  eurvatxire  from  the  magnitudes  of  the 
catoptric  images.  The  method  is  the  same  as  that  used  for  the  determination 
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of  the  radius  of  the  cornea  (compare  p.  18\  If  in  this  mode  we  determine 
the  cc>efficient  oi"  refraction,  we  shall  find,  tliat  many  lenses  are  considered 
to  be  pebblea,  which  consist  of  liiat  glass,  or  even  of  simple  crown  glass. 

§  12.  Direei  ii^uence  <m  vuion,  ofgUuaes  with  ipAerieal  sur/aeeg* 

l?hea  such  glasses  are  held  before  the  e^e,  th^  are  to  be  oonaideRd 
as  an  integral  oonstitaent  of  the  dioptric  system  of  the  organ.  We 

shall  now,  in  the  jint  place,  consider  the  glass  to  be  centred  with  this 
system,  that  is,  that  the  centres  of  ciiryature  of  its  surfaces  lie  in  one 
axis  with  the  centres  of  the  surfaces  of  curvature  of  the  eye.  If  this 
be  not  tlie  case,  certain  deviatiuus  will  result^  which  we  shall  consider 
at  the  end  of  this  section. 

^ow  the  immediate  consequences  of  placing  a  glass^  with  positive 
or  Tipa:atiye  focus,  before  the  eye,  are  these : — 

1^.  The  greatest  and  least  distances  of  distinct  vision,  P  and 
unde^  a  modification. 

2^.  The  lange  of  accommodation  is  altered. 

3^.  The  region  of  accommodation  changes  in  position  and  extent. 

4^.  The  magnitude  of  the  retinal  images  does  not  continue  the 
same. 

5^.  The  determination  of  the  distance,  magnitude  and  form  of 
the  objects,  undergoes  a  change. 

6**.  Stereoscopic  vision  with  tNyo  eyes  sutlers  some  moditication. 

I  shall  investigate  and  explain  these  results  consecutively. 

The  direct  influence  of  glasses  with  negative  or  positive  focus 
is : — 

1^.  The  greats  and  least  duiancea  of  diUlnct  vintm,  F  and  R, 
undergo  a  mod^icaiion.  To  prove  this  we  need  only  follow  the 
action  of  the  glass  on  the  course  of  the  rays  of  light* 

For  the  eye  0  (Fig.  76)  without  a  ghaa,  let  /i  be  the  nearest 


Fig.  76. 


point  of  distinct  vision,  then  the  rays  p*'  I  a  and  p*  16  unite  in  the 
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retina  N.  Now  if  the  lens  L  be  placed  before  the  eje,  the  rajs 
9od  refracted  by  the  lens,  wiU  acquire  the  same  direction  as 
P  c  and  p  d\  that  is,  thej  will  proceed  ml  a  and  /  h  and  fall  into  the 
eje,  and  wiU,  therefor^  in  the  same  manner  unite  in  the  retina  i  pJt^ 
P,  has  therefore  given  way  to  p"^  f  *.  The  calcaktion  is  Yoy 
simple.  Let  P  be  the  focal  distance  of  the  lens ;  x  the  distance  of 
the  lens  from  k,  then  P  ~  «  is  the  distance  of  the  lens  L  from 
I\  aad 

1  1  1 

P  -  F      1*  "  -  X 

Thus  wo  find  —  in  which  we  have  onlj  to  number  /k,  in 
order  to  find  P„. 

Lq  like  mamicr  ii*"  should  be  found  from  tlie  formula 

R— X      Ij^  "  - 
If  L  were  a  negative  lens  (compare  Pig.  11) »  the  rajs        I  and 

l"'ig.  77. 


Po  fL  h  refracted  by  the  lens,  should  have  aoqnired  the  directions  /  a 

and  /  /y,  as  if  thcv  had  i)rocccded  from  P,  and  an  accommodation  for 
the  distaiK^^  p  k  —  P  should,  through  the  lens  have  given  way  to  an 
accommodation  for      k  =  P.    In  this  case  P"  is  found  bv  the 

formula   J?  =  p  ^  •  manner  we  find  the  modi- 

o 

tication  for  the  distance  R,  and  for  that  of  every  other  point,  for 
which  the  eye  is  accommodated. 

If  we  neglect  the  distance  x^  the  formule  become  simplified 
respectively  to 

F    P  "~  F* '      P     P  P"' 
But  it  is  only  in  the  use  of  weak  glasses  that  this  is  in  practice  on- 
attended  with  inconvenience.  If  in  a  presbyopic  individual  P  =  E4', 

then  with  a  glass  of       ^  becomes  about  =       -f      =  ^,  and 

P  therefore  =  8'. 
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If  in  amyopic,  B  =  lO',  then  we  find  with  a  ghiss  of  —  g^,  neg* 

UctiDgs,  1^  =  60'     "        while  the  exact  calcu- 

lation^  assuming  ^  =  1>  gi^es^  in  the  first  case 

1  ^  L  4.  JL  _  _^ 

10  —  7.< 


in  the  second  caae 


1_ 


12  7*944 


12  -  46  0 ' 


In  these  cues  the  values  of  Bi"  according  to  the  two  caloolations 
difler  too  much  to  allow  of  our  ne^^bsting  or. 

2^  TSie  range  of  aeemmodaium  U  altered, — By  the  use  of 
negative  glasses  it  becomes  greater,  by  the  nse  of  positive,  on  the 
contnurj,  it  becomes  less.  Much  more  still  does  it  diminish,  with 
reference  to  the  actual  distance  of  the  objects  observed,  in  using 
microscopes  and  telescopes. 

With  lespeot  to  the  abtolute  range  of  aooommodation  A.  •=  ^ —  ^ 
it  ohanffes  into  —   ^—    \{  —  ^  were=  —  —  —  then  ^  should 

lies!.  Tlusit,hoii«ver,11i»0Meoiil7whfln weetnlem^oiitof liiec^^ 

oolation.  In  this  case  the  scheme  of  the  aooommodation  (Fig.  78  a)  with 

4 

Fig.  78. 
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simply  he  so  altered,  that  the  lines  />'     p  and  r    should  fall  oul}'  ^>  maia- 

taining  the  same  form,  and  •honld  then  be  changed  into  Fig.  73  b. 
We  sboold  tluu  obuin:— 

JL__L      *      J  —  i  ^  ^ 
A"  P  '~  R  ^       ^  1^  h"'' 

This  is,  however,  applicable  uiily  iu  bliglit  dtgrees  of  ametropia,  and  with 

the  uae  of  weak  glasses.  This  may  be  seen  from  the  following  conbideratlun. 

We  wish  oompletely  to  eomot  the  myopia  of  -g-,  represented  in  Fig.  78  a, 

therafiDiio,  to  make  the  dioptrio  system  emmetnpio,  by  the  addition  of  a  lena. 
Now,if  «bes|,thiilen8miutbe^7i.  Then,  in  fbot,  parallel  lays,  re- 
fraoted  by  the  lena,  aeqaire  a  direction,  as  if  they  had  proceeded  from  a  point 
situated  at  7|  inchee  in  front  of  the  X»  and  therafoio  S'  befoio  k  (oompue 
Fig.  76)i  and  JU  beoomees  «• 
NowwhatieP>»  aaraminglhat^^  ^,and  thalPtharefofeamonntato 

2l'\  as  in  Fig.  78  a  f 
The  iMlenlation  shows 

1  1  _I„i_l«J_ 

P  —  *     71     2i     7J  8HI6' 

F'  —  x  =  3  05  and      =  S-65. 

ConsequenUy     =  3:55  — ST  -  "aFsd' 

While  ^  waa  =  J, 

and  the  absolute  range  of  accommodation  has  therefore  become  greater.  In 
place  of  by  simple  reduction  obtaining  Fig.  79  a  (tfao  tame  as  Fig.  78  5)  we 
obtain  Fig.  79  b. 


*0«*  11*^21'      34^35'  50^20' 


What  is  the  effect  of  the  glass  on  the  binocular  range  of  accommodation  ? 
The  binocular  farthest  point  is  by  tlieglass  brought  to  infinity,  therefore,  7^^  = 
00  .  In  order  to  ascertain  P^,  we  must  know  where  the  line  /y"/  /^  />"  shall  cut 
the  line.of  convergence  k  k\    Thia  should  be  discoverable  only  by  an  expeh- 
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ental  calculation.  But  in  dtttrmining  the  relative  range  of  accommoda- 
:l.on  the  farthest  and  the  nearest  binooular  points  were  also  ascertained 

Bvith  —      and  thenoe  it  appealed  that  this  point  ( of  Fig.  79  6)  lies  at 

Mi*.  The  lanooiilar  xange  of  aeoommodatioii  of  the  fedvoed  myopie  ^e 
ftlianive  amminta  onlty  to > 

i-_  1  1=1 
-45  ~  14     00  14* 

and  la  therefore  rnudh  lete  than         1^.  —J-.=  tIt^ •  being  the  Ubo- 

yf?      2- 10      to      4-361  ^ 

eular  range  of  aooommodation  of  the  myopic  eye,  without  a  n^tiye  glass 

1 

T8  «).   H0w«nr,  -s,  ii  ttiH  greaitr  than  in  tha  simpta  ndneflon^ 

expressed  by  Fig.  79  a  ^whereby  ^  =  —J  j  and  this  favourable  circom- 

makes  it  at  least  somewhat  easier  to  many  myi^ic  individnals,  to 
near  objects  with  a  xednoing  glass  (whereby  R  =  oo),  tiian  wmld  have 
been  inferred  from  the  impossibility  of,  with  slight  oonvergenoe,  bring- 
ing: into  action  a  proportionate  accommodation.  Besides,  the  range  of 
binocular  accommodation  in  reduced  myopia  usually  proves  considerably 
more  favourable  than  in  the  case  represented  by  Figures  78  and  79. 

The  above  is  applicable  in  the  use  of  glasses  with  a  negative  focus ;  those 
with  apodtiTe  foens  have  precisely  the  opposite  influenoe.  The  subject  is, 
in  ita  farther  applioation,  important  enough  to  Jnttify  ito  illnstration  by  an 
example. 

Let  ns  rappoee,  that  in  a  case  of  hypermetropia  II  =  ^*P^  12*,  there* 

fore,  j-f^-^  12  =  44' 

1 

Through  a  glass  of      placed  at  half-an-inoh  from  the  eye,  IC  beoomea 

«  «D  and  P>  ia  fimnd  aa 

1  _  .  1_     1  _  1 

■355     '  —  ii|  +  84  "■ 
GaBeeqnenay  P«  »  4*38, 

iO  that  irith  1  —  L , 

^        A  —  4-8* 

hae  beoonie  s  - 

and  the  total  range  of  aooommodation  is  therefore  deoreased.  In  hyper- 
metropia, hewerer,  the  great  adTantage  ii  alwiiye  obteiried  bj  reducing 

glasses,  that  the  useless  part  of  1,  namely,  that  of  the  accommodation  for 

eonfwgingnyB^  itranwfed.  Moieovtr,  the  inenaie  of  the  range  of  aooom- 

fflodaHon,  by  the  redaction  acts  faTourably  on  -1,  in  eo  ikrtiiat  thereby  flie 

A^ 

too  strong  accommodation,  peculiar  to  alight  oonYeigenoe^  is  partially 

corrected. 

The  same  influence  which  has  here  been  spoken  of  is  likewise  exercised 

2 
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by  positive  glasses,  when  they  are  used  by  emmetropic  individuals  against 
presbjopiai  or  as  magnifying; glasses  (eyen  by  myopiu  persons),  if  the  emme- 

trcpio  eye,  ;with  ^sr    met  a  magnifier  of  Lat0*5'  from  the  nodal  point, 

It^  beoomet  =  3  j 
P^beeomees  2^^ 

If  tiM  magnifying  glaM  hae  only  1'  fiNsel  diitance,      beoomee  am  ^tbat 

is  three  tildes  lees  than  ^.  Henoe  we  see  how  mnoh  the  range  of  aooom- 

modation  is  reduced  by  the  use  of  a  magnifier.  The  reduction  is  greater, 
the  fiurlhfir  the  glaiaia  held  from  the  eye.  With  a  magnifier  =  ~  andaf « 

^  ^1^°^  =  0^ ;  with  the  same  magni£er,  x  being  =  '3",  we  find 

^  s-  «i.  With  the  strong  lenses  of  simple  microscopes      beeomee  still 

less,  on  account  of  the  stronger  system,  but  oontinues  greater,  beoanse  the 
eye  is  usually  held  closer  to  the  lens. 

In  the  use  of  the  compound  microscope  we  see  an  aerial  image  (formed  by 
the  object-glass)  through  a  lens  (the  eye-glass).  This  aerial  image  possesses, 
as  a  simple  calculation  shows,  an  extraordinary  depth  in  relation  to  the  slight 
depth  of  tlie  olgeet  Sinoe  it»  moreofar,  lies  Teiy  elose  to  the  eye,  and  is 
seen  through  a  lens,  the  aoeommodation  of  the  eye  in  relation  to  the  difference 
in  depth,  that  we  can  see  of  the  obaerred  objeet,  la  rednoed  nearly  to  aero.  The 
great  depth  of  the  aerial  image  possesaea,  however,  this  advantage  for  mi- 
croscopic observation,  that  of  the  oljeet  a  definite  anrfiMO  ia  accurately  seen, 
and  what  lies  only  a  little  above  or  be^th  q^peara  very  difiosed,  and 
therefore  has  no  disturbing  influence. 

In  the  use  of  telescopes  also,  the  accommodation  of  the  eye  is  almost  en- 
tirely removed.  For  with  a  telescope  which  enables  us  to  see  an  infinitely 
remote  object,  with  relaxation  of  accommodation,  we  can,  with  the  greatest 
tension,  see  only  at  a  very  great  distance ;  and  this  difference  requires  of  the 
eye  nithont  any  glaaa  aearoely  any  chaoge  of  aooommodation.  But  even  the 
aoeommodation,  of  whioh  the  tdemope  itaelf  ia  capable,  by  altering  the  dia- 
tance  between  the  eye-glaaa  and  the  objeot-^aaa,  repreaents,  in  the  diiS»> 
rence  in  diatanoe  of  the  objeota  which  are  distinguished,  only  an  extremely 
alight  range  of  accommodation.  A  aimple  calculation  will  easily  show,  that 
an  eye  behinda  telescope  finds  its  accommodation  almost  entirely  annihilated. 
A  positive  lens,  like  the  object-lens,  forms  images  behind  it,  at  a  distance 
varying  from  F  to  cjo  .  At  the  distance  lie  those  of  infinitely  remote  ob- 
jects, at  an  infinite  distance  lie  those  of  ubjrcts  situated  at  the  distance  F 
before  the  object-lens.  If  a  more  or  less  myopic  eye  be  now  placed  so  far 
behind  the  object-lens,  that  accommodating  for  J2,  it  sees  accurately 
ihedioptrio  image  of  inflnltaly  remote  objects,  the  objects,  whcae  dioptric 
imagea  are  aeen  with  accommodation  in  P,  will  alao  lie  at  a  tolerably  great 
diatance.  Conaequently  the  range>of  aoeommodation  ia  veiy  much  limited^ 
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eren  hy  the  objeet-kna  alone.  Now,  this 
llmitatloB  Increeaee  ooniideraUy,  when  the 
eye  looks  in  addition  thxongh  an  eye-^eee, 
and  is  thus  much  nearer  to  the  foous  of 

the  object-lens.  If  the  eye-piece  consists 
of  positive  lenses,  as  in  the  proper  te- 
lescope, this  is  so  close  behind  the  focus, 
that  the  images  formed  by  the  object- 
glass  of  eveu  rather  remote  objects  fall  with- 
out the  instniment,  and  thus  vision  will 
•ztend  only  from  infinite  to  yery  remote  dia- 
taneea.  If  tlie  eye-pieoe  be  a  negative  lens, 
aa  in  tbe  Dntoh  teleieopei,  this  is  immedi* 
■tely  in  frmtof  the  feons  of  the  olrjeot-lensi 
80  that  the  strongly  convergent  ineident 
rays  through  this  eye-pieoe  acquire  a 
(slightly  diverging)  direction,  whereby  they 
come  to  a  focus  on  the  retina.  But  of  less 
remoteobjects  the  ima^^c  lies  so  much  farther 
from  the  object-glass,  that  the  rays  reach  the 
eye-piece  comparatively  less  converging,  and 
by  this  negative  lens  arei  therefore,  rendered 
ao  highly  diTergent,  that  the  strongeet  ao- 
eommodation  ia  no  tonger  eapaUeof  bringing 
tbem  to  afooos  npon  the  retina. 

The  reduced  range  of  accommodation  \ 

in  looking  through  microscopes  and  tele- 
aeopes  may  be  oaloulated,  when  axe  given : 

^  the  range  of  aeeommodation. 

F^  the  focal  distance  of  the  object-glass. 
I\  the  focal  distance  of  the  eye-p^fce. 
g  the  distanee  ttwi  the  object-glass  to  the 
eye-pieoe. 

y  the  distanee  firom  the  eye-fieee  to  Jb  in 
the  eye. 

It  may  sufHoe  to  ezpl^  this  further  for 

the  Dutch  telescopes. 

If  the  eye  (Fip.  80,  O)  be  adjusted  for  in- 
finite distance,  the  rays  a  b  and  «'  6'  falling 
parallel  on  the  object-glass  /  /,  arc,  after  re- 
fraction, directed  as  c  d  and  c' d  upon  ^ ; 
rendered  parallel  by  the  eye-piece  f  f,  they 
now  farther  impinge  as  ^  /  and  e'J*  upon 
the  eomea,  and  nnite  after  refraotion  on  the 
retina  N.  The  relaxed  emmetropio  eye  in 
this  manner  sees,  with  the  teleseope,  in- 
finitely remote  obti«<^      ^  ^7®  ^' 


150 


SPECTACLES  AND  lUElR  ACTION  IN  GENERAL. 


oommodata  itaelf  for  the  point    the  rays  t^fmi  «*'/*,dinQted  to  /»,  ooxne  i 
to  a  Ibens  on  the  vetiiuu  In  order  to  aoqnire  tbit  direotbn,  thoy  must,  as 
b,  and       hare  proooadod  from  anoh  a  point  (t,  not  Tiable  in  the  figfore) 
in  front  of  the  objeot-gLan  1 1,  that  after  lefraotion  throngb  the  objeot-glaBa 

they  are  directed  as  r,  and  c^,  d^,  upon  J.  In  the  supposed  point  «  the 
prolflOgatinia  of  i,  and  h^^,  intersect,  and  the  point  i  is  therefore  the 
reduced  nearest  point  of  distinct  vision.  Consequently  the  distance  from  the 
point  i"  to  the  nodal  point  k  of  the  cjo  (O)  is  the  reduced  shortest  distance 
of  distinct  vision,  which,  since  the  farthest  is  infinite,  is  in  this  case  =: «,  and 

thua  Bhoi|p  the  xednoed  range  of  aooonunodation  ^ . 

In  the  telesoope  adjnaied  for  infinite  dirtanee  uid  enunetropio  ejea : 

Moreorer, 

•  pk=zA 

k  =  T,    p  h  =  A  —  jr. 
We  now  seek,  in  tlie  first  place,  h^j  =     according;  to  the  formula  of  the 
conjugate  focal  distauoes, 

1^  1  _  1  

7   7    A^x,  I 
We  BOW  Imow    s /4- ty,  and  oaledate  A I  again  aooofding  to  the  laine 
ftnnnla 

1  _  1  _  1 

Therewith  are  known  | 

A  • -f  •J4" «  =  •  A =«, 

and  tfaerefine  alao  the  ledneed  range  of  aooommodation  — . 

3°.  The  region  of  accommodation  alters  in  position  and  extent.  \ 
By  range  of  accommodation  (accomojodatie-^ret'^/f')  we  imckTstand 
a  dioptric  value,  as  being  proportional  to  the  focar  Jistance  of  the  lens, 
which  expresses  the  difference  of  accommodation  for  P  and  for  R. 
The  te^um  of  accommodation  (het  accommodatie^tf^idv^),  on  the 
oontrarj^  is  only  the  expression  of  the  distance  between  r  and  and 
is  therefore  —  B  *~  P.  The  accommodation  rules  this  disttoice  in 
eveiy  direction,  and>e  mig^t  therefore  call  it  also  the  radios  of  the 
region  of  aocommodaiion.  Evidently  a  completely  diflBerent  region 
of  accommodation  maj  correspond  to  the  same  range  of  aocoromoda- 
tion,  and  vice  vend.  If  K  =  co ,  P  =  6,  the  range  of  accommoda- 
tion is  ^;  the  region  of  aooommodation  on  the  oontrarj  eiteods 
from  infinity  to  six  inches  before  the  eye.    If  ii  =  6,  P     3,  the 
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range  of  aooommodation  is  likewise  ^    ^  ^  ^»       ^  radios  of 

the  regiou  of  accommodation  is  reduced  to  6'' —  3'  =  8*.  There 
is  consequently  no  proportion  whatever  between  range  and  region 
of  accommodation. 

The  above  is  sufficient  to  remind  us  what  rcp^ion  of  accommoda- 
tion, in  relation  to  range  of  accommodation^  aigniiies.  We  now  see 
at  once,  that,  while  the  absolute  range  of  aceommodation  nndogoeff 
onljr  a  shght  modification  by  spectacles,  the  region  of  accommoda- 
tion  is  quite  altered  hj  tbem.  A  myopic  individual,  fox  example, 
ivith  B  =  6*  and  P  s  3',  whose  regjon  of  accommodation  lias  a 

radios  of  only  6'  —  3'  =  3'',  sees  through  glasses  of  —  placed 

at  V  from  the  eye,  r  brought  to  oo ,  and  p  to  about  6':  his 
range  of  accommodation  has  continued  about  the  same,  and  his  re- 
gion of  accommodation  has  become  infinitely  greater.  A  hyperme- 
tropic person  of  ^,  with  range  of  aooommodation  =  ^,  sees  from  co  to 

—  ^  =  lihron^h  glasses  of  7i,  at  4'  from  ike  eye,  he 

seea  from  oo  to  not  much  less  than  6', »  again  without  change  of 

the  range  of  accommodation,  save  ouly  in  so  far  as  the  nseless  g  is 
rendiered  useful  range  of  aocommodatiGn.  The  presbyopic  subject, 
on  the  contrary,  who,  with  a  range  of  accommodation  of  has  a 
region  of  accommodatiou  from  oo  to  24)'  from  the  eye,  loses,  by  tlie 
Qseof  glassesof  a  consideiuhle  part  thereof :  the  accessory  modifi- 
cations being  omitted,  his  region  of  accommodation  is  hmited  to 
24'  —  12'  =  l^'',  although  his  range  of  acoonmiodation  was  scarcely 
modified  by  these  glasses. 

The  examples  her^  given  have  certainly  been  8affi€ienl>  to  deduce 
the  general  mk : 

that  glasses  increase  the  region  of  accommodstion,  when  they 
make  r  approach  to  od,  and  on  the  contrary  diminith  it  when  th^ 
remove  r  from  oo.  , 

Hence  it  follows,  that  if  for  a  certain  object  a  definite  distance  of 
distinct  and  easy  \nsion  was  not  usually  required,  it  would  in  general 
be  indicated  to  give  myopic  and  hypermetropic  individuals  command 
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over  the  greatest  possible  region  of  accommodation,  by  the  com- 
plete neutralisation  of  the  ametropia,  and  thus  to  put  them  on  a  par 
with  emmetropic  persons.  Frequently,  however,  this  cannot  be  done, 
because  for  a  definite  object  we  must  also  attend  to  the  distance  of 
the  nearest  point,  as  in  presbyopic  persons. 

4i'*.  Tie  magnitude  <f  the  reiimal  images  d^es  not  coiUiame  the  same. 

A  comparison  of  the  angles,  under  which  objects,  accordinglj  as 
thej  are  viewed  with  or  without  aiudliaiy  glasses,  exhibit  themselves 
to  the  ey^  can  without  further  detennination,  ti^  place  only  so 
as  the  object  at  the  distance  at  whidi  it  is,  can  be  aocuratdj  seen 
both  with  and  'without  these  glasses.  To  a  certain  extent  this  is 
indeed  very  possible.  An  emmetropic  person,  for  example,  with 
sufficient  power  of  accommodation,  can  aceunitcly  sec  an  object 
situated  at  8''  from  his  eye,  not  only  without,  but  also  with  glasses, 

whether  of     or  —        A  myopic  person  can  do  the  same  with 

respect  to  a  near,  a  hypenuetro|nc  with  respect  to  a  more  remote 
object.  In  all  these  cases  we  can  easily  satisfy  ourselves,  that 
glasses  with  negative  focus  iliinipi«h  the  images,  while  those  with 
positive  focus  magnify  them.  Thft  demonstration  of  this  is  veij 
simple.  The  relation  between  the  magnitude  of  the  retinal  image 

Fig.  81. 


y/or  /3  (Fig.  81),  and  the  object » t  or  JB,  is  dependent  on  the  position 
of  the  nodal  point  The  more  the  latter  ifioves  forwards,  the 
larger  does  /3  become,  in  relation  to  B ;  the  more  backwards,  the 
amaller  it  becomes.  What  the  eye  can  now  do  bj  accommodation, 
that  is,  by  alteration  of  its  crystalline  lens^  scarody  dispkoes  the 
nodal  point,  because  the  latter  lies  in  the  crystallme  lens  itself. 
On  the  contrary,  so  soon  as  an  auxiliary  lens  is  placed  before  the 
eye,  k  moves  forwards,  if  it  be  a  positive,  backwards  if  it  be  a 
negative  lens, — and  the  more  so  for  the  same  lens,  according  as 
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tlie  latter  b  further  removed  from  the  eye.  The  amount  of  this 
displacement  is  easily  calculated  (compare  p.  5C  and  p.  65).  There- 
fore, the  retinal  image  is  larger  when  the  object  is  accurately 
seen  without  tensioii  of  accommodation  through  a  positiye  lena,  than 
when  it  is  acouratdy  seen  without  this  lens  by  tension  of  accom- 
modation of  the  eye;  and  on  the  contraiyj  it  is  smaller  when^  by 
yeij  strong  tension,  it  still  exhibits  itself  distinctly  through  negative 
j^Iasses* 

With  glanes  of  shorter  fooal  distance  (common  magnifying  glasses),  the 
amount  of  enlargement  cannot  be  in  this  manner  determined.  Tht-  oLjt  ct 
must  then  be  held  closer  to  the  eye  than  it  can  be  accurately  seen  ^\  itllout  the 
lens,  and  the  magnitudes  of  the  images  are  consequently  no  longer  comparable. 
In  this  eaae  we  are,  therefore,  com(>elled  to  start  from  an  accommodation  for  a 
definite  point,  and  to  calculate  how  lai-ge  the  retinal  image  under  the  cir- 
onmstaiioe  is ;  this  magnitude  ws  oaa  then  compare  with  that  of  the  aoenrate 
xetinal  image  obtained  with  the  aid  of  the  lens,  while  the  objeet  is  brought 
to  the  distimee  of  distinotaen  of  the  eye  armed  with  the  lens.  In  this  oom- 
parison  the  enlargement  now  proves  leu,  in  proportion  as  the  distance  of 
distinct  yision  of  the  naked  eye  is  shorter ;  to  this  distance,  in  fact,  the  re> 
tinal  image  is  nearly  inversely  proportional,  while,  on  the  contrary,  the 
magnitude  of  the  image  seen  with  a  strong  lens  increases  but  little  in 
proportion  to  the  increase  of  the  distance  of  distinct  vision  of  the 
unaided  eye. 

5^  litf  ietermnoHom  qfUe  dH^ance,  moffnUude,  and  form  of  the 

objects  undergoes  a  change. 

In  order  to  demonstrate  the  influence  which  positive  and  negative 
glasses  exercise  on  our  estimation  of  distance,  magnitude  and  form, 
it  is  necessary  to  trace,  in  what  manner^  without  the  use  of  glasses^ 
this  estimation  is  established. 

With  differences  in  the  distances^  magnitude,  and  form  of  objecte, 
are  connected  peculiar  modifications  in  the  n^juisitc  movementa  of 
the  ejea,  in  the  accommodation  and  ehiedy  in  the  retmal  imagea; 
and  in  the  cbangea,  which  theee  undergo  by  aooommodation,  and 
by  morementa  of  the  eyea  or  of  the  bead^  and  of  the  wbole 
body.  It  ia  exdnaively  6om  these  modifications,  that  the  mind  ia  in 
a  position  to  form  an  opinion  as  to  distance,  magnitude,  and  form. 
This,  however,  for  the  must  part  takes  place  spontaneously,  quite  in- 
voluntarily, or  at  least  witliout  consideration.  The  rapidity  of  the 
juilgsnent,  without  analysis  of  the  elements  on  which  it  is  based,  is 
the  result  of  practice,  partly  of  the  iudividual,  partly  of  his  parents, 
and  is,  in  the  latter  sense,  innate. 
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In  tiie  fini  plaoe^  we  ohaenre  tbat  the  mfthnation  of  difltince  and 
that  of  magmtode  aze  Gondative.  ThieecaaesaietobediatingaislMd. 

1.  We  know  the  true  magnitude  of  the  object^  and  thence  form^  hy 

the  magnitude  of  the  retinal  image,  our  opinion  as  to  the  distance  ; 

2.  We  know  the  distance  and  base  thereupon  our  opinion  of  the 
magnitude;  3.  Distance  and  magnitude  are  both  imperfectly  known, 
and  through  recij)rocal  influence  an  idea  is  developed,  which  brings 
both  iato  connexion  with  one  another,  and  thus  at  the  same  time 
more  aocmately  de6oes  them.  The  connexion  jnst  mentioned 
between  our  estimation  of  distuioe  and  of  magnitude  is  particularij 
striking  when  we  project  the  ocular  apectnmi  of  a  flame  upon  a 
wall,  in  which  case  we  suppose  the  flame  larger,  in  proportion  as 
we  withdraw  from  the  wall^  and  smaller  in  proportion  as  we  approadi 
it,  notwithstanding  that  tiie  retinal  image  of  course  remains 
unchanged. 

In  order  thoroughly  to  investigate  how  our  judgment  is  esta- 
blished, we  must  examine,  what  and  how  we  are  able  to  distinguish, 
first  uiuler  the  simplest,  and  subsc(]ut*ntly  under  more  and  more  com- 
plicated conditions  of  vision,  whereby  new  means  are  eacli  time  added  . 
to  those  already  obtained,  confirming  our  opinion  with  greater  cer- 
tainty, and  sometimes  modifying  it. 

The  following  are  to  be  distbguished  as  conditions  of  vision : — 

a.  An  ^e,  without  motion^  seeing  figures  in  a  plane,  to  which  the 
visual  line  stands  perpendicular;  b,  the  same  looking  fieslj  into 
space ;  c,  an  eye  with  movable  visual  line  lookup  on  a  surfiice  or 
into  space ;  d,  an  eye,  by  movement  of  ilie  head  or  even  of  tiie  body, 
changing  its  place ;  e,  two  eyes  at  rest ;  f,  two  eyes  in  motion ; 

two  eyes  with  movement  of  the  head  or  of  the  body. 

We  should,  however,  be  led  too  much  into  detail,  were  we  fully  to 
follow  out  this  scheme.  We  nmst  confine  ourselves  to  a  succinct 
and  eiementaiy  development  of  the  intricate  question,  and  shall 
also  even  pass  over  almost  completely  in  silence  the  literature  of 
the  subject^  which  has  attained  to  a  whollj  diaprapoitionate 
extent. 

Here^  under  5%  we  speak  of  our  judgment  in  seeing  with  one 
eye;  under  0*,  stereoscopic  vision  with  two  eyes  comes  under 
oonsidcsaiion.  We  begin  by  supposing,  that  the  figures  are  all  si- 
tnated  in  one  plane,  which  is  viewed  only  firom  one  point  with  t)ne 
eye,  whose  visual  hue  is  perpendicular  to  this  surface.  In  this 
manner  we  have  no  means  of  directly  judging  of  the  true  magnitude. 
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if  thin  is  not  otherwise  known  to  us.  It  is  only  with  respect  to  the  dis- 
tance that  the  consciousness  of  our  accommodation  gives  some  idea. 
Let  a  person,  through  a  tube  perforating  a  uall,  so  that  he  cannot 
estimate  its  length,  read  print  placed  behind  the  tube ;  in  this  way 
many  will  form  a  not  very  inconecfe  idea  of  the  distance,  and  oonse- 
quentlj  also  of  the  magnitude.  If  we  now  place  in  the  tube  a  weak 
positive  glass,  so  that  less  tension  of  aocommodation  shall  be 
leqmredj  the  [vint  will  appear  to  the  observer  to  be  at  a  greater 
di«tiinne>  and  he  will  therefore  suppose  it  to  be  really  laiger^ 
even  though  a  pnnt  so  modi  smaller  .has  been  substitnted^  that  the- 
retbal  image  luis  retsined  the  same  size.  If,  on  the  oontraiy,  we 
place  in  the  tube  a  negative  glass,  whose  action  can  still  very  well 
be  overcome  by  tension  of  accommodation,  the  observer  will  suppose 
that  the  print  is  closer  to  the  eye,  and  the  actual  magnitude  is  thus 
set  down  as  less,  even  if  a  type  have  been  taken  so  much  hirger,  that 
the  retinal  images,  notwithstanding  the  diminishing  influence  of  Uie 
negative  glass,  have  maintained  the  same  size. 

Bui  if,  on  the  contrary,  lAe  magnitude  qf  the  objset  be  known, 
the  judgment  in  general  yields  from  the  consciousness  of  accom- 
modation of  the  eye  having  taken  plaoe^  and  the  object  seen 
through  a  negative  glass,  is  supposed  to  be  more  remote,  because 
the  retinal  image  is  smaller, — seen  through  a  positive  ghiss,  on 
the  contrary,  it  is  supposed  to  be  nearer,  because  the  retinal  image 
is  larger. — Exceptionally,  however,  the  consciousness  of  the  required 
accommodation  comes  into  play,  even  when  we  look  round  in  nature, 
where  there  is  no  want  of  objects  of  known  magnitude,  and  where 
numerous  other  means  of  deciding  arc  at  the  service  of  the  mind. 
I  obsen  ed  this,  many  years  ainee^  in  myself.^  Aa  a  phenomenon, 
namely,  of  diminished  power  of  accommodation,  in  consequence  of 
the  instillation  of  a  weak  solution  of  belladonna,  I  saw  ail  objects  too 
smallf  becanae  I  svq^poaed  them  nearer  to  me,  and  Wariomont  has 
also  comnnmicated  an  example  ol  the  samct  lu  parens  of  accom- 
modation too,  produced  by  other  causes,  the  same  has  once  occurred 
to  me.  The  determination  of  the  distance  from  the  accommodation 
required,  appt  ars  to  me  besides  in  looking  with  one  eye  to  be  accom- 
jjlislu'd  chiefly  tbrousrh  the  fact,  that  the  other  (covered)  eye,  in 
connexion  with  the  teusiou  of  accommodation,  alters  its  couvergeucc, 

•  Nederlandtcli  Lancet,  2«  Serie,  D.  VI ,  p.  607,  1961. 
i  AimaUa  tPOcuUitiqw,  1853,  X.  uiz.,  p.  277. 
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in  which  alteratioii  we^in  looking  with  both  ejes,  possess  so  accurate 

an  aid  in  the  comparison  of  distances.  I 

In  looking  at  objects  in  space,  with  one  eye  from  one  pointy  the 
estimation  of  magnitade  and  distance  for  an  infinite  number  of  soiv  I 
oessive  planes  can  be  effected  in  the  same  manner  aa  above  for  one 
plane;,  and  poflitive  and  negative  glasses  can  also  in  the  way  described  I 
modifjr  onr  estimation.   Thus,  then,  an  idea  of  the  form  of  a  body 
oonld  be  developeti  as  well  without  as  i^nth  the  nse  of  glasses.  ' 
Under  these  circumstances,  liowevcr,  the  reasoning  is  often  inverted; 
we  know  tlie  form^  and  thence  deduce  the  rektive  distances  of  ' 
different  points. 

This  must  be  further  explained. 

Many  objects  have  for  us  known  fonns>  and  on  their  distance  it 
depends^  what  the  form  of  the  perspective  image  on  the  retina  shall 
be.   An  example  may  illnstrate  this: — 

Let  the  obeorrer  place  himself  before  the  middle  of  a  square  table 
A  B  C  D  (Fig.  82 1).  In  order  to  know  how  huge  A  B  and 
C  D  are  represented  on  the  retuiay  we  have  only  to  draw  lines  from  *\ 
the  points  ABC  and  D,  throngh  the  nodal  point  k  of  the  eje, 
which  we  suppose  here  to  be  pkced  above  the  horizontal  plane  of  the 
table.    We  then  find  the  respective  magnitudes  a  b  and  c  d  the 
retina  R.    While  the  distance  from  A  B  to  the  eye  amounts  to  the 
double  of  C  D,  the  image  c  il  is  nearly  double  as  large  as  a  ^.  | 
The  retinal  image  has  therefore  the  form  of  Tig.  82  11.    This  , 
form  leads  us  to  infer^  that  the  nearest  edge  of  the  table  A  B  is 
about  as  far  from  us  as  the  table  itself  is  long.   If  we  now  more 
the  eye  from  A  B  to  C     the  acconunodation  required  helps  us  m 
our  decision,  and  if  we  know  the  hdght  of  the  table,  the  angle  under 
which  the  Imes  ABand  CD  are  seen  beneath  the  horisontal  plane, 
in  which  the  eye  lies,  assists  in  determining  onr  opinion  as  to  fhe 
distance.    The  same  table,  placed  at  double  the  distance  from  the 
eye,  gives  another  perspective  image,  in  which  a  b  \  c  ^=2:3 
(compare  Fig.  83  I),  and  in  which  the  angles  at  a,  h,  c  and  d  ^ 
deviate  less  from  the  right  angles  (II).    We,  however,  consider  the 
dimensions  to  be  equally  great,  and  the  angles  to  be  right  angles,  , 
only  because  such  is  usually  the  case  with  tables,  and  we  infer  i 
that  the  length  of  the  table  amounts  to  about  half  the  distance  hrom 
G  D  to  the  eye.   If  there  be  now  only  some  object,  whose  true 
magnitude  or  distance  is  known,  this  serves  as  a  standard  whence  ^ 
to  judge  of  all  other  objects,  whose  rekitive  magnitude  and  I 
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distaTice  are  inferred  upon  the  same  principle  (the  perspective 
projection). 

Fig.  88. 


In  the  foregoing  we  assnmed  a  knowledge  of  tbe  true  form 
of  some  objects,  and  the  direction  of  some  lines  or  snrfeoes.  This 

knowledge,  indeed,  is  scarcely  ever  wanting.  In  a  room  we  see 
surfaces,  which  we  may  consider  to  be  nearly  horizontal  or  per- 
pendicular, and  numerous  objects  which  present  to  us  vertical  and 
horizontal  linens.  From  the  anijles  which  these  surfaces  and  lines 
form  on  the  perspective  retinal  images,  we  deduce  our  judg- 
ment. In  nature  the  ground  we  walk  upon,  the  hoiizontai  water 
sur&ce,  aaoending  trees,  houses  with  their  frames  and  windows, 
lastly,  man  himself,  are  snflfident  starting-points.  Therefore  ahK>  we 
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judge  tolerably  correctlj  even  what  is  seen  only  with  one  eye  from 

one  point. 

Properly  speaking  our  judgiupiit  can  fail  only  through  an 
intentional  arrangement.  For  example,  the  table  82  a)  would 
have  produced  tlic  same  retinal  image,  if  the  edge  A  B  had  had  only 
the  breadth  o  i^,  but  at  the  same  time  had  been  proportionaUjr 
raised,  so  as  to  make  the  edges  ^  C  and  /3  D  coincide  perspec- 
tivdy  with  A  C  and B  D.  Thna  we  can  on  one  sor&oe  (a^wing) 
represent  a  number  of  objects  in  peispective  projection,  <^  whidi  the 
retina  then  receives  an  image^  such  as  the  objects  themselves  would 
produce,  and  if  the  effect  of  light  and  shade  be  added,  this  image 
may  be  very  deceptive,  when  seen  with  one  eye  from  one  point. 
However,  if  the  surface  be  not  too  remote,  the  consciousness  of  ten- 
sion of  accommodation  will  even  still  teach  us,  that  all  lies  in  one 
and  the  same  plane.  But,  moreover,  these  are  artificial  circumstances, 
which  do  not  invalidate  the  rule,  t/iai  the  form  of  the  perspective 
prqfeeiion  on  the  retina  is  sufficieiU  to  madle  us  to  jwige  of  the  rela^ 
the,  ami  wtnofthe  absolute  magniktde  and  distance,  provided  oufy 
tie  magnitude  or  the  dietanee  of  eome  object  be  huown. 

Now  on  this  judgment,  deduced  from  the  perspective  projection, 
the  use  of  positive  and  negative  ghuses  exercises  an  influence*  The 
cause  of  this  is  easily  seen.  In  fiict,  in  using  positive  glasses,  the 
objects  appear  to  us  not  only  hirger  bnt  nearer,  and  the  distance  in 
depth  between  two  objects,  and  likewise  between  two  lines  of  the 
same  object,  is  thus  shortened,  there  is,  therefore,  an  enlargement  of 
the  object  with  diminution  of  its  depth ;  the  reverse  takes  place  in 
the  use  of  negative  glasses.  We  can  explain  this  still  more  fully.  With 
actual  difference  in  distance  of  objects  the  angles,  as  we  have  seen, 
change,  and  the  proportions  of  the  perspective  images  alter  (compare 
Figs.  82  and  83).  But  proportions  and  angles  remain  the  same,  when 
by  means  of  glasses  the  retinal  images  are  magnified  and  diminished, 
and  we  consequently  suppose  the  objects  to  be  at  other  distances. 
The  form  which  our  judgment  connecte  with  the  perspective  image, 
must  therefore  be  different. 

Most  remarkable  is  the  influence  of  the  magnitude  of  the  retinal 
image  on  the  estimation  of  the  depth,  provided  that  we  know  the 
angles  of  a  surface.  If,  for  example,  the  latter  !)e  the  horizontal  quad- 
rangular leaf  of  a  table,  the  relation  between  depth  and  breadth  will  be 
connected  with  a  definite  magnitude  of  the  retinal  image ;  in  other 
words,  the  estimation  of  that  relation  will  be  different,  when  the 
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retniLil  image,  retaining  the  same  form,  becomes  larger  or  smaller. 
A  simple  constniction  will  dtMnonstrate  this.  In  Figs.  84  I,  and 
1,  a  6  and  c  d  are  projected  in  the  same  proportion  upon  the  re- 
tinas R:  they  stand  to  one  anotlier  as  2  :  3.  As  the  adjoining  retinal 
images  II  show,  a  b  lies  lower  than  c  d,  bnt  stiUin  the  same  proportion. 
The  j^inal  imaget,  therefore,  do  not  difo  in  the  least  in  form, 
and  nevertheless  we  are  compelled  to  suppose  the  idation  between 
length  and  bfeadth  in  the  objects  to  be  different  (compare  A  B  D  0 
of  FSgs.  84  I  and  85  I),  and  on  this  rdation,  difiUnent  for  each 
magmtade  of  the  image,  the  distance  at  which  we  project  it,  has  no 
uilhieii€e(compafe9ig.86LAB0Dwith  A'FCD').  Thatwedo 


Fig.  83. 


not  connect  simihir  forms  of  tlic  objects  (unless  they  lie  in  tlie  same 
plane  perpendicular  to  the  visual  Hue),  with  similar  forms  of  the  retinal 
images,  but  of  different  magnitudes,  cannot  surprise  us,  when  we  see 
on  the  other  hand,  that  objects  of  simihir  form,  bat  of  different 
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magnitude,  do  not  give  uniform  retinal  images  (unless  those,  with 
difference  in  distance  of  the  objects,  are  also  equally  large).  If  we 
place  in  the  middle^  or  in  whatever  part  we  think  well,  of  a  quadran- 
gular leaf  of  a  table,  a  square  sheet  of  paper,  uniform  with  this  leaf  of 
the  table,  the  projected  retmal  images  will  be  diaaimilar :  the  differ- 
ence in  dimension  of  the  snperior  and  tlie  inferior  bonndaiy  inSL, 
for  the  table,  be  relatively  greater  (for  this  relation  depends  on  the 
rdalive  distance  from  the  eye),  and  with  it  the  four  angles  differ. 

Hence,  it  most  clearly  appears,  how  positive  and  negative  glasses, 
which  cause  us  to  estimate  the  distance  differently,  and  alter  only 
the  magnitude,  not  the  form  of  the  retinal  images,  modify  our  esti- 
mation of  the  depth.  Hypermetropics  observe  this  most  distinctly, 
who,  armed  with  positive  spectacles,  see  the  objects  larger,  which 
they  before,  through  tension  of  aooommodation,  also  saw  distinctly, 
but  smaller,  and  most  of  all  persons,  who  replace  the  lost  czystaUine 
lens  with  positive  spectacles.  Thej  snppose  all  distances  to  be  less, 
and  therefore  see  objects  less  deep. 

Myopic  individuids  experience  the  opposite  hiflnence,  bnt  some- 
what less  distinctly,  because  without  the  negative  glass  they  did  not 
see  remote  objects  accurately,  and  the  comparison  is  therefore  less 
perfect.  It  becomes  more  evident  when  they  take  a  too  strong  nega- 
tive glass,  which  they,  however,  overcome  by  accommodation ;  and  in 
like  manner  emmetropic  persons  may  in  these  experiments  make  use 
of  a  negative  glass  proportionate  to  their  accommodation.  Bat  the 
phenomena  appear  mnch  more  striking  in  using  the  Dutch  telescope, 
for  instance,  when  we  look  through  an  ordinary  double  opera-glass 
with  one  ^e,  and  close  the  other.  Let  ns  thus  look  at  a  small  table  as 
above.  The  retinal  image  of  course  preserves  its  form ;  If  the  glass 
magnifies  n  times,  the  image  is  only  n  times  larger  in  all  its  di- 
mensions. But  we  see  the  table  broader  and  shorter  at  whatever  dis- 
tance we  endeavour  to  suppose  it  to  be.  Often  we  have  difficulty  in 
supposing  it  to  be  short  enough.  Then  it  is,  of  course,  too  broad 
behind :  A  B  (Eig,  83)  appears  to  us  laiger  than  C  D.  This  we 
sometimes  coned  by,  in  our  thoughts,  making  0  D  rise  a  little ;  and 
those  persons  also  do  this,  who  in  aphakia  wear  a  convex  glass, 
so  that  on  flat  ground  ihey  suppose  th^  are  running  up  a  hill. 

The  phenomenon  is  pivticularlj  striking  when  we  look  with  the 
opera^glass  at  an  ordinary  book,  lying  at  a  short  durtanoe  on  the  table. 
Hie  book  immediately  becomes  square,  although  the  retinal  image 
retains  the  same  form,  it  often  remains  somewhat  broader  at  the 
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upper  cdi^v,  loses  this  when  in  our  imagination  it  acquires  an  incli- 
nation, and  the  letters  of  the  title  are  now  broad  and  low,  while  be- 
fore thejr  were  decidedly  oblong. 

If  we  now  turn  the  opera-glass  lonnd :  the  retinal  images,  while 
retaining  the  same  form,  have  become  diminished,  and  the  dimen- 
sions in  depth,  eontnuy  to  our  former  observation,  are  very  con- 
siderably increased ;  even  the  leaf  of  the  table  and  tiie  book  ap])ear 
to  become  narrow  above. 

All  this  takes  place  in  nsing  one  eye. 

The  estimation  of  relative  distances,  in  monocular  vision,  becomes 
still  more  correct  and  certain  when  the  head,  or  even  thebodv  moves, 
so  that  the  object^s  arc  seen  successively  from  dilFereiit  points.  In 
this  maniit  r,  in  fact,  a  parallax  is  created  between  objects  placed  at 
diiferent  distances,  which  apparently  change  their  relative  places, 
whereby  the  relative  distances  even  of  simpb  free  points  can  be 
estimated. 

6^.  Stereo9eopie  vidon  wUk  two  eye9  u  modified. — ^From  what  has 
been  said  nnder  6^,  it  is  evident,  that  the  estimation  of  distance  and 

of  solidity  of  objects,  even  using  only  one  eye,  is  tolerably  perfect.  This 
must  here  be  remembered,  for  the  beautiful  discovery  of  Wheatstone 

has  been  found  so  important,*  that  it  finally  appeared  to  make  us  forget 
what  a  single  eye  can  do.  Two  eyes,  however,  can  certainly  do  more. 
At  least  when  near  objects  are  concerned,  the  solidity  of  the  object 
can  be  estimated  with  more  certainty;  we  cannot,  in  binocular  vision, 
so  easily  be  deceived  by  an  artihcial  arrangement,  and  a  peculiar 

*  Not  to  speak  of  the  older  literature,  which  is  to  be  found  everywhere, 
that  on  binocular  vision  hat  of  late  yeaii  been  inoreased  by  the  following 

great  essays  and  works : — 

Panum,  Phj/siologisehe  UtUertuckungen  uber  da*  Sehen  mil  zwei  Augtn, 

Kiel,  1858. 

Becklinghausen,  Netzbautfonctioneu,  ^rcAiv/.  O^hthalmoloylet  B.  v.  S.  2, 
1859. 

Yalkmann,  Die  Stezeofloopisohe  Ersoheinungen  in  ihrer  Besiehnng  sur 
Lehie  der  identiachen  Ketshaatponkten,  in  Arekivf,  Ophikalmologie, 
B.  V.  Abth.  3. 

Negel,  Dot  Sehen  mil  zwei  Auyen  and  die  Lehre  von  dem  identitekem  NetP- 

kmOptmkieH.   Leipzig  und  Heidelberg,  1861. 
Wnndt,  a  series  of  artioles  reprinted  from  the  Zeitschrift  J\  rationelle 

Median^  collected  under  the  title  of  Beiirage  zur  Theorie  der  Sin- 

nestcahrnehmu/if/,  1862. 
Fechner,  Urher  eittiye  I'l  rhiiJtnhsc  des  binoculan  n  St  hens,  trom  the  Abhand- 
lunf/rn  d.  k.  s.  Gcsellschufl  der  Wmen$chajUn  vii.,  Leipzig,  1861 ;  and 
uumeroua  ^hurt  artioles,  by  Dove  aad  others,  in  Puggendorfs  Ammkn 

11 
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sensation  of  the  solid  is  developed  in  usy  which  the  monocular  person 
seems  not  to  be  acqnainted  with. 
This  depends  upon  two  causes. 

The  fiisi  is,  that  in  connexion  with  the  distance  hetween  tlie  two 
eyes,  in  fixing  a  definite  point  of  an  object,  in  which  the  two  yisoal  lines 
intersect,  the  retina!  images  of  the  two  eyes  are  not  equal  and  uni- 
form, in  consequence  of  wliich  most  points  are  seen  as  double  images, 
whose  deviation  corresponds,  for  every  direction,  to  the  diirerence  in 
distance  of  those  points.  AVitli  tliis  the  idea  of  the  solid  arises  in  us ; 
but  often,  if  all  movement  be  avoided,  and  if  no  adjoining  bodies  guide 
us  in  the  estimation,  confounding  of  the  stereoscopic  with  the  paeudo- 
stereOBOopic  is  possible :  that  is,  the  point  seen  under  double  images 
may  aa  well  be  neanr,  as  more  lemote  than  the  fixed  point. 

The  second  canae  is:  the  sncoessive  fixing  of  the  diieient  pointa 
of  the  object  (Bmecke).  In  fiiet  we  are  perfectly  oonsdons  (at  kast, 
if  the  movement  does  not  run  through  large  angles),  whether,^ 
passing  from  one  point  to  another,  single  vision  requires  more  or 
less  convergence,  according  as  the  iixed  point  is  less  or  more  remote 
than  that  previously  fixed.  At  the  same  time,  in  exaniininp^  the 
object,  that  is,  in  running  through  different  points  in  difiereut 
directions,  the  two  retinal  images  constantly  change,  and  their 
dissimilarity  every  time  alters,  which  necessarily  forces  upon  us  a 
definite  bodily  form,  and  aknost  makes  ns  tonch  and  feel — ^whudi  is 
precisely  the  characteristic  of  binoonlar  viaxm*  H  in  fixing  some 
point,  we  ahready  luive  a  tolerably  aecbxate  idea  of  the  poaitaon  of  the 
point  indirectly  seen,  which  we  now  wish  to  fix,  we  even  modify,  with 
the  simultaneous  movement  of  the  visual  lines,  the  convergence 
of  the  axes.  If  we  miss  this  idea,  we  see  the  double  images  dis- 
appear only  wlien  the  visiiid  lines  have  about  reached  the  desired 
point.  We  shall  best  satisfy  ourselves  of  this,  if  by  holding  a  car- 
mine glass  before  one  eye;,  it  colours  one  of  the  double  images,  and  if 
*  we  now  look  in  succession  at  points  of  light  situated  at  different 
distances.  We  then  observe  also,  that  with  a  rapid  movement  of  the 
visual  lines,  the  required  change  of  convergence  is  for  a  moment  ex* 
oeeded,  and  is  then  quickly  oonected. 

Now  the  use  of  convex  and  concave  ghisses  modifies  the  two 
factors  of  stereoscopic  binocular  vision. 

As  concerns  the  first  factor,  we  observe,  that  the  irlasses  modify 
the  magnitude,  and  consequently  the  apparent  distanre,  without 
producing  a  corresponding  modification  of  the  diifereuce  between  the 
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Fig.  86. 


wimal  images  of  the  two  eyes.  This  difference  decreases,  acTcordingly 
as  the  distance  of  the  objects  increases.  While,  namely,  the  angle, 
under  which  an  object  exhibits  itself,  is  inversely  proportional  to  its 
distance,  the  parallax  of  stereoscopic  viaioD,  and  therefore  also  the  dii- 
foeooe  between  the  two  retinal  images,  aie,  at  great  distances,  inversely 
|«opoitkmal  to  the         of  Uie  distanoe.   If  on  the  line  It  I  (Eig. 

wtumfag  perpendicnlar  to  the  line  k  i',  eonnectmg  die  nodal 
paints  of  the  two  eyes,  two  points  a  and  a'  be 
moved  without  altering  their  mntnal  distttnoe, 
tlien,  as  a  simple  calculation  shows,  at  great 
values  of  k'  a,  with  respect  to  X-  X:  and  to  a  a', 
the  angle  a  k  a  is  inversely  proportional  to  the 
square  of  k  a.  Now,  this  angle  is  evidently  the 
parallax  of  the  stereoscopic  vision. 

Thus  it  is  proved,  that  the  retinal  images  of  the 
two  ejes  differ  ksi^  aecardin|^j  as  the  distanoe 
from  the  object  is  greater.  WiAeonYcac  glasses, 
snd  espedallj  with  an  i^era-ghiss,  Ihe  object  is 
now  seen  lai^  and  apparently  nearer ;  bat  the 
difference  between  the  two  retimd  images  appeiirs 
only  equal  to  what  it  was  in  lookinti^  with  the 
naked  eyes.  Consequently  the  object  exhibits, 
in  reference  to  its  magnitude,  too  slight  a  depth. 
The  reverse  takes  place  in  the  use  of  concave 
glasses,  which  exhibit  the  objects  smaller,  and 
therefore  apparently  at  a  gieatadistsnoe.  Thns 
Hie  first  &ctor  is  altered. 

As  to  the  second  fiictor,  it  is  dependent  on 
the  first :  the  diflerence  in  the  retinal  images  is 
precisely  that  which  requires  a  difference  of 
convergence,  accordingly  as  we  view  one  or 
other  point  of  the  object,  and  therefore  there  is 
no  necessity  to  treat  separately  of  it. 

Prom  these  considerations  it  appears^  that,  in  ^ 
the  nse  of  glasses^  stereoscopic  vision  with  two      ^  ^ 
ejes  modifies  onr  jod^ent  in  the  same  senses 
as  takes  plaoe  for  each  eye  separately.   An  apparent  magnifying, 
namely,  of  the  dimensions,  perpendicular  to  the  axis  of  vision,  in 
both  cases,  causes  us  to  estimate  the  depth  as  relatively  less,  and 
v^ice  versa;  on  a  diminution  of  these  dimensions,  we  are  led  to 
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infer  a  rdatiTely  greater  depth.  However,  in  this  the  modificalion 
of  the  perspective  projection  for  each  eye  separately  is  of  much 
greater  importance  than  the  modification  in  the  hinocnlar  vision. 

Attention  must  still  be  directed  to  a  few  subordinate  points,  relating  to 
the  influence  of  glasses.    I  allude,  in  the  tirst  place,  to  the  apparent  move- 
ment of  objects,  when  the  observer,  by  moving  his  kead^  paaaes  fnm.  one 
oljeot  to  snother.  If  we  see,  namely,  through  the  glass,  the  objects  nndar  a 
tmaUerangle  than  with  the  naked  eye^  we  mnfttom  the  headtoaeompaim- 
tlvely  great  degree,  in  order»,1ij  so  doing,  to  direct  the  vianal  line  alternately 
to  the  one  or  to  Ihe  other  edge  of  the  object,  and  thai  the  latter  appears 
to  fly  before  the  movement  of  the  head.   On  the  contrary  it  comes  in  this 
movement  to  meet  the  glance  of  the  beholder,  when  the  visual  angle  is 
magnified,  and  therefore,  in  reference  to  the  latter,  little  movement  of  the 
head  is  required.    If  the  same  does  not  take  place  in  moving  the  eye 
behind  the  glass,  this  is  to  be  ascribed  to  the  fact,  that  a  person,  in  looking 
obliquely  throuf^h  the  gluss,  no  longer  sees  the  object  in  the  direction  in 
which  it  actually  is,  whereby  the  want  of  harmony  between  the  magnitude 
of  the  retinal  images  and  the  movement  required  to  make  them  pass  over  a 
point  of  the  retina,  is  compensated  •  without  this  compensation,  we  oouid 
not  have  said,  on  the  preceding  page,  that  the  seoond  fketor  of  stsreosoopio 
vision  lies  included  in  the  first  Finally^  it  deserves  here  to  he  mentioned, 
in  a  sia^  word,  that  glasses  limit,  if  not  the  msgnitade,  at  least  the 
symmetry  of  the  field  of  vision ;  that  behind  glasses  the  movements  of  tiie 
eyes  are  not  free  in  all  directions ;  and  that  by  refleotion  on  the  two  snr- 
fsoes  of  refraction  some  light  is  lost. 

In  the  above  (under  the  Gth  head),  our  views  were  based  upon  the  doc- 
trine of  the  identical  or  corresponding  retinal  points.  Of  late  this  lias  been 
much  disputed.  It  therefore  appears  necessary  here  to  explain  myself  upon 
this  snljeot  In  eyes  whose  vhnial  lines  exhibit  no  morbid  deviation,  the 
existsnos  of  points  which  project  the  impressions  received  npon  esoh  other 
into  spaoe^  is  not  to  be  denied.  In  this  ssnss  the  points  in  the  ssme  meridians 
eqnally  remote,  inwards  or  downwards,  to  the  right  or  to  the  left,  from  the 
fovea  centralis  of  the  yellow  spot,  may  be  considered  as  sufficiently  correspond- 
ing. The  identity,  however,  is  not  abeolute.  The  images  of  two  circles,  of 
somewhat  different  magnitude,  the  one  received  on  the  right,  the  other  on 
the  left  retina  (whether  through  the  stereoscope  or  by  convergence),  so  that  the 
lines  may  coincide  in  the  fovea  centralis,  project  a  circle,  whose  magnitude 
is  the  mean  between  the  two  actually  present.  On  the  contrary,  no  matter 
how  the  observer  may  draw  the  smaller  in  the  larger,  and  what  point  he 
may  now  fix,  he  will,  with  one  eye,  still  always  recognise  the  two  circles, 
and  certainly  see  none  of  mediom  magnitude.  So  far  Whea<stone  was  un- 
doubtedly right,  when  his  discovery  made  him  reject  the  theory  of  the  iden- 
tical retinal  points.  So  far,  also,  the  statement  made  above,  that  every 
variation  in  the  form  of  the  retinal  images  gives  rise  to  double  vision  of  the 
points  not  falHng  npon  corresponding  parts,  is  to  be  eorreoted. 

But  the  controversy  of  the  identical  points  has  been  carried  still  farther. 
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8oiM  began  bj  wbollj  denying  the  mental  projection  of  the  lotinal  images 
into  apaoe.  ^lia  denial  would  not  bave  been  made,  if  obierven  bad  alwaje 
dintingniehed  between  two  different  things :  the  pnvjeetion  of  the  fMd  ^ 
VMftM  and  the  projeotlon  of  a  point  in  the  field  of  vbion  (Gonf.  Viher  die 

Hewegungert  des  Auges,  von  F.C.  DonderSf  in  HottmuUicktBeUrdge  zu  den  ariaf, 
vndphifiiol.  Wtssenschnflen,  herausgegeben  von  J,  v.  Been,  F.  C.  Bonders  und 
Jac.  Moleschott;  B.  1.  pp.  105  et  seq.,  1848).  The  projection  of  the  field  of 
vi-sion  depends  on  the  position  of  our  eye  and  the  direction  of  the  visual  line, 
which  we  assume  to  be  present;  and  the  assumption  is  tolerably  accurate, 
when  the  eye,  iu  normal  movement,  is  voluntarily  brouj^lit  into  this  position, 
and  the  visual  line  has  been  voluntarily  given  this  direction.  In  what  part 
of  the  field  of  vision  thus  projected  we  project  a  certain  point,  is,  oiii  the  con- 
traiy,  detennined  by  the  place  whioh  its  image  ooeapies  on  the  retina. 

In  thia  manner  OTery  projection  in  the  normal  condition  is  explained. 
Thua  it  is  also  nndaniood  how,  with  aoonratdy  directed  eyea,  of  which 
direction  the  observer  is  consoioos,  corresponding  points  of  the  retinas  pnjeet 
the  impressions  receiTcd  on  each  other.  This  may  still  oontinne  under  abnor> 
nial  cireamstanoes.  In  reoent  paralysis,  for  instance^  of  a  mnsde,  we  estimate 
t!ie  direction  of  the  visual  line  incorrectly,  and  we  consequently  project  the  field 
of  vision,  and  with  it  each  point  of  the  field  of  vision,  in  a  false  direction. 
We  supi)ose  that  the  deviating  visual  line  intersects  that  normally  directed 
in  the  point  that  we  wish  to  see.  Consequently  we  project  the  image  falling 
oil  the  fovea  centralis  of  the  deviating  eye  on  the  projected  image 
of  the  fovea  centralis  of  the  properly-directed  eye.  These  two  ditlerent 
imagea  thns  appear  to  aow  one  another.  If  the  deviation  u  not  great,  we 
apeedilj  find  the  directly-seen  object  of  the  properly-directed  ^  as  indi* 
roetly  ssen  on  the  deviating  one,  and  thns  doM  vitUm  is  the  reanlt  Bnt 
in  every  case  conftuion  arises  also  in  direct  vision,  which  becomes  particn- 
larly  great,  if  accidentally  a  strongly  illuminated  part  of  the  field  of  vision 
forms  ito  image  on  the  yellow  qpot  of  the  deviating  eye.  However,  we 
occupy  ourselves  almost  always  with  the  more  illuminated  parts  of  the  field 
of  vision,  and  the  result  thereof  is,  that  in  general  tlie  image  on  the  yellow 
spot  of  the  properly-adjusted  eye  excels  in  clearness  that  of  the  deviating 
eye.  This  makes  it  easier  to  ncQ^ect  tlie  image  of  tliis  last  eye ;  and  it  is 
very  remarkable  that  this  psychical  abstraction,  always  increasing,  is  at- 
tended with  physiological  torpor,  that  is,  with  want  of  sensibility. 

8o  far  the  law  of  the  identical  pointo  holds  good.  Bnt  now  it  happens, 
partionlarly  In  casss  of  strabismus  divergeus,  that  we  become  conscious 
also  of  the  direction  of  .the  deviated  eye.  This  is  the  case  when  one  con- 
tinues to  use  this  eye  in  its  turn.  In  these  oases,  an  object  is  still  fixed 
in  general  with  the  eye,  whoso  muscles  act  normtllly.  If  we  now  hold 
a  second  object  in  the  visnal  line  of  the  deviated  eye,  and  request  the 
person  to  fix  it,  the  eyes  sometimes  remain  completely  at  rest.  The  patient 
can  thus  occupy  himself  alternately  with  the  one  or  with  the  other  object, 
which  respectively  forms  its  imafje  on  the  one  yellow  spot  or  on  the  other, 
end  he  knows  perfectly  in  what  direction  each  is.  In  this  case,  it  is  in  the  first 
place  remarkable  with  what  certainty  he  distinguislics  with  which  eye  he 
ub.scrve8  anything  :  he  who  has  two  good,  regularly-moving  eyes,  is  not  at 
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ftll  aware  of  this ;  we  can  aMertein  la  wbhh  eje  we  have  muses  Toiliteiitny 
only  by  doang  one*  But,  in  the  aeeond  place,  it  henoe  appears  most  di»- 
tinetly,  that  in  sooh  m  pwson  the  eenesponding  points  have  lost  their  mutual 
lelatioDs.  Indeed,  what  impiages  on  Ite  two  yeUow  spots  is  pngeoled  in  ▼eiy' 
difllwent  direotionSy  and  likewise  what  touches  on  similarly  directed  meridians 
in  polnti  equallj  ramoyed  from  the  yellow  spot.  Now  the  reason  why  origi- 
nally corresponding  points  are  projected  in  different  directions  is  clearly  none 
other  than  ihat  the  whole  field  of  vision  is  projected  in  another  direction:  the 
projection  of  tlie  ditFerent  points  of  the  same  retina  has,  with  respect  to  one 
another,  continued  the  same.  This  relation  alters  only  when  the  retina  is 
plaited  or  irregularly  extended  ;  and  I  should  not  venture  to  assert,  that 
if  the  accuracy  of  vision  were  maintwned,  the  projection  should  not  again, 
by  observation  and  trial  gradually  come  to  correspond  to  the  actual  position  of 
the  oljeots.  In  treating  of  progreashre  myopia  I  shall  m«rt  to  this  point. 
Bat  from  the  fliregoing  thus  mnoh  has  appeared,  that  Ihe  deviation  of  the 
Tiraal  lino,  prodooed  hy  mnsonlar  anomaly,  whioh  oiiginally  givee  rise  to 
frdse  prqjeetion,  may  heeome  known  to  ns  by  ozperienoe,  wHh  whioh  eaelL 
eye  begins  its  independent  projection ;  and  no  farther  proof  is  needed  that, 
oonaeqaently,  double  images  which,  according  to  the  theory  of  the  identioal 
points,  we  should  see  intersected,  may  be  changed  into  homolateral  ones. 
An  organicallj'  necessary  similarity  of  impression  of  corresponding  points  of 
both  retinas,  which  should  lead  to  an  equally  necessary  similarity  of  direc- 
tion of  projection,  is  therefore  out  of  the  question.  But,  nevertheless,  what 
we  at  first  put  forward  remains  true,  whether  it  be  congenital  or  the  result 
of  practice,  that  in  eyes  whose  visual  lines  exhibit  no  morbid  deviation, 
oertain  corresponding  points  of  the  retinas  project  the  impressions  received 
on  eaoh  other  into  spaoe. 

The  assertion,  that  by  merely  fixing  a  point  with  both  eyes,  oonfosion  of 
the  stereosoopio  with  the  pseado^tereoeeopie  is  possible,  I  have  above  noted, 
after  having  also  taken  oognizanoe  of  the  most  reoent  artioles  of  Dove  and 
of  Recklinghausen  (Poggendorff's  Annaleny  B.  1 10,  p.  491,  and  B.  1 14,  p.  170^ 
1661).  This  is  not  the  plaoe  to  enter  into  the  satgeot  at  greater  length. 

In  the  beginning  of  this  section  I  staied^  in  investigating  the  action 
of  glasses^  that  I  provisionally  assumed,  that  the  axis  of  the  glasses 
coincided  with  the  visual  axis.  This  is  certainly  almost  never 
exactly  the  case.  Firstly,  the  glasses  in  a  pair  of  spectacles  arc  not 
placed  precisely  so,  that  the  distance  of  their  two  axes  should  be 
exactly  equal  to  thar  between  parallel  visual  axes,  and,  moreover,  in 
being  placed  before  the  eyes  they  easily  come  to  stand  somewhat 
higher  or  lower  than  the  visual  axes;  or  the  glasses,  and  therefoie 
also  the  axes,  have,  when  the  head  is  perpendicolar,  a  certain  inclina- 
tion. Secondly,  every  movement  of  the  eye  immediately  alters  the 
relation  between  the  visual  lines  and  the  axes  of  the  glasses. 

The  qaestion  now  is,  what  is  the  result  of  tliis  deviation  ? 

In  the  first  place^  when  the  axis  of  the  glass  '\&  parallel  to  the 
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TiBiial  dooM,  but  is  diylaced  in  one  or  other  diieotioii,  we  obtain  also 
>  displacement  <rf  the  object  seen  throngh  the  glags.  We  satiafy  oor- 
Behrm  of  this,  by  pushing  a  oonvez  or  ooncaye  ghun  before  the  eye^ 
so  as  to  look  always  parallel  to  the  axis,  but  alternately  through  the 
centre,  and  through  the  edges  of  the  glass.  If  the  glass  be  convex, 
the  displacement  occurs  in  the  opposite  diiection  to  that  of  the  glass, 
if  it  be  concave,  in  the  same  direction. 

The  explanation  is  simple.   Let  ^  be  the  centre  of  the  surface  at 
ily  lepresentrng  the  dioptric  system  of  the  eye, 
t  apoint  sitoatedintheeloDi^itedaxisirAjtiiiB 
point  win  then  find  its  image  in  the  azisy  for  ex- 
ample in/  If  a  knsy  whose  centres  of  cnrvatnre 
ftn  in  tfae  line  iiy,  be  pboedbeftnel,  the  image 
of  i  will  also  remain  in  the  same  Hue.    If,  on 
the  contrary,  a  refracting  surface  as  A',  with  its 
centre  of  cur\  ature  in  o,  be  placed  before  //,  this  is 
no  longer  the  case.  If  we  imagine,  for  instance, 
^  A'  to  be  a  reflected  ray,  this  will,  refracted  at 
i',  deviate  from  the  vertical  v  o,  and  proceed  in 
the  direction  i' »  /  conaeqnently  a  ray  mnst,  me0 
come  from  a  point  ntoated  in  die  Une, 
for  example,  from  t,  in  order,  after  refraction 
at  k%  to  enter  the  eye  as  /I'  4,  and  to  proceed  as 
A  J.    Evidently,  therefore,  a  point,  situated  in 
t,  is  seen  in  /,  that  is,  dis])hirenK'nt  occurs  in 
the  direction  opposite  to  that  in  which  the  axis 
of  a  convex  glass  is  pushed  before  the  visual 
axis. 

Hence  it  follows,  that,  if  the  two  convex 
glnnnm  of  a  pair  of  spectacles  stand  too  dose 
to  one  another,  the  objects  are  for  both  eyes 
displaced  more  ootwards,  and  thus  less  convergence  is  required;  the 
reverse  is  the  case,  #hen  the  glasses  stand  too  far  from  one  another. 
The  opposite,  of  course,  takes  place,  when  toncave  glasses  are  in 
question.  In  either  case  the  change  of  convergence  required  is  less, 
the  weaker  the  glasses  are,  and  the  less  they  are  pushed  to  tlie  side. 
Por  many  years  I  have  advantageously  made  use  of  such  eccentric 
placing  of  the  glasses,  where  otherwise,  in  insufficiency  of  one  or 
other  muscle,  combination  with  a  weak  prism  was  indicated.  Nor 
will  it  easily  happen,  that,  in  doing  so,  we  eiceed  the  limits,  whereby 
the  acnteneas  of  the  images  suffers  too  mncL  If,  however,  we 


J 
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desire  to  encroach  iis  litlk-  as  possible  upon  the  convergence  of  the 
visual  lines,  correspoiulint;  to  the  distance,  we  must,  as  has  been  cor- 
rectly shown  by  Giraud-Tculon  and  Knapp,  regulate  the  distance  of 
the  glasses  according  to  the  reciprocal  distance  of  the  visual  line^. 
We  have  then,  as  Knapp  has  remarked,  to  attend  particularly  to 
the  axes  of  the  ghisaes,  for  these  do  not  always  coirespond  to  the 
centre.  In  order  now  to  find  the  axis,  we  have  only  to  asoertun  what 
part  of  the  gUss  we  have  to  hold  before  the  eye,  in  order  to  see  a 
vertical  line^  even  when  the  glass  is  made  to  rerolye;,  nnr^raeted  as 
well  through,  as  tinder  or  above  the  glass.  However,  we  need  not 
be  too  careful  in  regulating  the  axis.  AVliilher,  in  oidtT  to  see  an 
object,  a  little  more  or  less  convergence  must  be  employed,  is  often 
rather  a  matter  of  indifTerence ;  and  if  this  is  not  the  case,  we 
accordingly  involuntarily  regulate  the  distance  between  eye  and 
'object.  Against  this  no  difficulty  is  to  be  expected  from  the  accom- 
modation :  indeed^  its  limits^  under  the  infiaence  of  the  spectacles 
selected,  are  not  defined  so  precisely,  that  we  could  approve  or  dis- 
approve of  a  slight  modification  of  the  convergence  under  whidi  the 
accommodation  for  a  certain  distance  is  required.  We  have  only  to 
take  particular  care,  that  in  spectacles  worn  out  of  doors,  we  have 
not  so  short  a  di.^ance  of  the  axes  of  the  concave,  nor  so  great  a 
distance  of  those  of  the  convex  glasses,  that  in  looking  to  a  great 
distance  a  divergence  of  the  visual  lines  should  be  required,  which 
might  easily  cause  di£&culty.  A  ditrereuce  in  height  of  the  axes, 
which  should  cause  a  mutual  deviation  of  the  visual  lines  in  a 
vertical  direction,  we  must  above  all  avoid. 

In  the  second  place,  as  to  looking  through  the  glass  under  an 
angle  with  the  axis,  we  have  already  observed  that  this  is  unavoidable 
in  the  use  of  spectacles.  The  deviatioif  thence  proceeding  ia  of  two 
kinds.  In  the  first  place,  the  object  directly  seen  exhibits  itsdf  in 
.another  direction  than  that  in  which  it  actually  is.  A  construction  as 
above  (Fig.  87),  ni0(Hfied  so  far,  that  the  axis  of  the  lens  makes  an 
angle  with  the  visual  axis,  shows  this  directly.  T^iis  altered  direction 
is,  as  we  have  already  remarked,  of  that  nature,  that  the  disturbance 
in  harmony  between  the  angle  under  which  «re  see  a  dimension 
through  convex  or  concave  glasses,  and  the  turning  of  the  eye 
required  in  order  to  traverse  them,  is  sufficiently  compensated :  more- 
over, this  deviation  causes  no  difficulty.  But,  in  tbe  second  place, 
the  objects  are  seen  less  accurately.  Besides  the  ordinary  abenation, 
in  fact,  a  new  and  very  important  one  occurs.   Of  this  we  may  con- 
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▼inoe  OQTsdyes,  by  lookhig  at  a  pomt  of  light  tluongh  a  convex  or 

concave  glass  held  obliquely  before  the  eye,  and,  better  still,  by 
receiving  on  a  screen  the  dioptric  image  of  a  point  of  light  foritud 
hy  an  obliquely-placed  convex  lens.    This  image  has  a  clear  eccen- 
trically-situated point,  whence  the  light  spreads  chiefly  to  one  side 
in  the  form  of  a  fan,  so  that  it  reminds  one  of  the  appearance  of  a 
oomet.    In  treating  of  astigmatism  I  shall  return  to  this  subject. 
Here  it  may  only  be  remarked^  that  the  diminished  accuracy  of 
the  images^  especiaUy  when  strong  glasses  are  in  question^  renders  it 
impentiTely  necessary  to  attend  to  the  direction  of  the  axes.  If 
spectacles  be  used  only  for  distance,  the  axes  must  be  placed  nearly 
parallel  and  horizontally ;  on  the  contrary,  in  spectacles  used  only 
for  near  objects  they  require  to  converge  proportionally,  and  to  be 
direct<?d  downwards.    This,  when  strong  glasses  are  required,  ]iro- 
duces  a  difficulty  of  making  use  of  the  same  frame  for  every  distance, 
even  in  these  caaes^  where  the  range  of  accommodation  still  admits 
of  the  use  of  the  same  glasses.   The  inclination  of  the  axes  can  be 
sufficiently  modified  by  placing  the  apeetades.  But  the  convergence 
of  the  axes  cannot  be  altered,  without  bending  the  frame.  There- 
fore convergence  must  correspond  to  the  mean  distance,  at  which  the 
spectacles  are  used,  whereby,  during  their  use,  a  certain  margin  in 
the  convergence  of  the  visual  axes  is  least  excluded. 


NOTE  TO  §  12. 

In  this  Motion  wo  havo  spokon  only  of  tho  immediate  effects  of  oonvez 
and  ooaoavo  glasses.  What  resultB  are  mediately  produoed  by  them,  with 
respeot  to  re&aotioii,  aooommodation,  movements  of  the  ^ye,  fto.,  will  be 
better  discussed  in  oonnezion  with  the  anomeliee  in  whioh  paitioidar  speo- 

taelee  are  indicated. 

I  have  also  thought  it  right  here  to  pass  over  in  silence  the  action  of  simple 
and  compound  cylindrical  glasses.  It  is  only  in  astigmatism  that  they  are 
applicable,  and  they  will  more  properly  oome  under  consideration  in  the 
ohapter  on  this  anomaly. 

Respectinf^  the  dilfercnt  forms  of  spectacle  frames,  the  desirable  distance  of 
the  glasses  from  the  eye,  the  use  of  spyglasses  for  one  and  for  two  eyes,  the 
employment  of  reading-glasses,  of  magnifiers  and  of  opera-glaises,  &c.,  some 
lemarks  will  be  found  in  speaking  of  the  different  anomalies  of  lefraotion 
and  aooommodation,  in  oonnexioa  with  whioh  these  instmments  some  under 
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obterratioB.  In  genenl,  cm  thxi  rabjeot»  nnoog  other  writiiigi,  the  fallowings 

deserve  to  be  comimred  : — 

Szokalski,  ia  Prayer  nerteljahnchriftf  B.  T.,  1,  1 848,  and  SmMv  £jfe 
iu  Health  and  m  Diuau,  Xiondon,  1864,  pp.  44,  et  seq. 


NOTE  TO  CHAPTER  tV. 

m 

The  chief  literature  on  the  subject  of  s[icctacles  is  to  be  found  in  Kuete 
(Lehrbuch  der  Ophthalmologie  fur  Aerzte  umi  Studirende.  B.  I.,  p.  238, 
Braunschweig,  1853).  Spectacles  are  among  the  most  indispensable  instru- 
ments for  man.  For  many  they  extend  the  power  of  vision  to  an  infinite 
distance,  and  others  should,  for  want  of  spectacles,  at  a  certain  time  of  life 
see  themselves  completely  shut  out  from  the  ocoupations  to  whioh|  in  a  busy 
aofliotf ,  tliij  an  called.  If  m  add  that  gpeetadaa  laid  the  fonndatioii  for 
the  inTention  of  the  mieroMope  and  telescope,  whoee  mightj  inflnenoe  is 
powerfully  exemplified  in  the  development  of  moetnataialsdenoee,  we  shall 
not  Tiew  theee  aimple  initromenta  witiiont  zespeet  The  hiatory  of  the 
ordinary  omoave  and  eonvcx  glasses,  whioh  we  here  have  exolusiyely  in 
▼lew,  is  somewhat  obscure.  Any  who  take  a  special  interest  in  the  matter 
will  find  the  most  essential  points  briefly  collated  in  the  work  on  the  Mjcro- 
Bcope  by  my  colleague  Prof.  P.  Harting.  (See  the  German  translation  by 
Theile,  nnder  the  title  of  Das  Mikroshop^  p.  58.5.   Braunschweig,  1859.) 

W.  Krccke,  Ph.  D.,  Vice-Director  of  the  lloyal  Meteorological  Observa- 
tory, suggested  the  use  of  prismatic  spectacles  in  strabismus.  To  his  com- 
munication I  added  my  investigations  of  the  physiological  action  of  these 
glasses  {Nederlandtch  Lancet,  D.  III.,  pp.  227  et  »eq.,  1847).  Yon  Qiaefe 
{drdih  /.  Ophthalmologie,  loeie  dwenis)  especially  showed  how  atill  more 
adyantage  waa  to  he  dexiTed  theie&omt  hoth  in  diagnoaia  and  in  treatment. 

The  use  of  atenopmio  apparatna  waa  Introdneed  hy  me  (oompare  Tan 
Wyngaarden,  over  alenopeeuche  brtUen,  Diss,  inang.,  Utreohti  1806,  and 
jinthhf,  Ophthalmologie ^  B.  I.,  Abth.  2).  It  is  true,  that  inmydiiaaiB  mM 
waa  aoDietimes  made  of  small  openings ;  but  it  did  not  ooonr  to  any  one  to 
remove,  by  their  means,  the  injurious  effect  of  obscurations.  How  tiiese 
by  throwing  diffused  light  into  the  eye,  disturbed  the  power-of  vision  (com- 
pare pp.  128,  129),  was  also  first  explained  by  me  in  Wijngaarden's  paper. 
The  explanation  given  is  quite  iu  harmony  with  the  law  developed  by  Fechner 
for  the  senses  in  general  (Ueber  cin  wichtigeg  psycho-physuchcs  Grund' 
Oeeetz,  Leipzig,  1859,  and  Elemente  der  Psycho-physik,  Leipzig,  1860). 

Green  and  Une  glasses,  fat  moderating  the  l^ht,  are  highly  valued.  In 
a  work  reeently  publiahed  hy  Brofeiaor  Dr.  Ludwig  Boehm,  of  Berlin,  under 
the  title  of  Du  TUrapk  dee  Jagee  mUteU  dee  fmhigen  JJehUe,  Berlin,  1868, 
Une  glaeees,  of  different  shadee,  are  particularly  teoommended  in  nnmennii, 
eipeotally  fbnotional,  dietorbances  of  the  retina. 
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THE-  EMMETROPIC  EYE. 

The  emmetropic  eye  presents,  both  iii  its  structure  and  in  its  func- 
tions, the  standard  by  which  the  anomalies  of  refraction  must  be 
estimated.  As  such  the  knowledge  of  the  emmetropic  eye  must  here 
oocapy  a  piominent  place.  But,  in  other  respects,  this  eye^  which  as 
little  as  any  part  of  the  body  escapes  the  influence  of  age^  must  also 
not  be  passed  over  in  silenoe.  The  range  of  accommodation  early 
diminishes;  soon  the  aocniacy  of  vision  lessens,  and  lastly  theemme- 
tropm  is  converted  into  ametropia,  giving  way  to  hyperme^opiaacqni- 
sita.  The  emmetropic  eye,  in  its  retrogression,  in  its  yielding  to  the 
advance  of  years,  is  our  task.  To  the  latter  we  are  called,  the  rather 
because  art  can  protect  the  eye  against  the  senile  metamorphosis,  and 
by  suitable  means  can  help  to  maintain  it  in  a  position  to  discharge 
its  functions. 

§  13.  Dkfinition  of  the  Emmetropic  Eyk;  th£  Diaqslajouxic 

£ti  ;  THE  Simplified  Eye. 

The  emmetropic  eye  is  that,  the  principal  foens  of  whose  dioptric 
system  is^  in  rest  of  accommodation,  found  in  the  retma  (Fig.  88). 


Fig.  86. 


Of  infinitely  remote  objects,  which  send  out  parallel  rays,  this  retina 
therefore  receives  accurate  images,  to  be  improved  neither  by  convex 
nor  by  concave  glasses,  and  by  means  of  its  accommodation  it  sees 
equally  accurately  at  relatively  short  distances.  No  other  refraction 
of  the  eye  is  capable  of  giving  to  the  region  of  accommodation  so 
great  an  extent. 
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That  this  condition  is  to  be  regarded  as  the  normal,  we  have 
already  (page  81)  shown.  Singularly  enough,  for  a  long  time  the 
opiiiion  was  rather  generally  entertained,  that  almost  every  eye  is 
more  or  less  mjopic;  tlmt  at  an  infinite  ^^Mfinog^  apart  from  the 
impeded  tnuuparenejr  of  the  air,  it  is  onljr  exoeptionallj  that  obgecte 
can  be  distingiuahed  under  the  same  least  an^  of  yisum  as  at  a 
moderate  or  short  distance.  This  opinion  is  an  enor.  Bj  £ur  too 
ofken  does  the  eje  deviate  in  the  opposite  direction  from  tiie  stan- 
dard, and  can,  with  hypermetropic  structure,  bring  converging  rays 
to  a  focus  on  the  retina. 

If  the  emmetropic  eye  is  to  be  considered  as  the  typically  normal 
eye^  another  question  is,  whether  it  is  at  the  same  time  the  oidinazj 
eye,  and  whether,  therefore,  ametropia  is  the  exception. 

In  an  absolutely  mathematical  sense  no  single  eye  is  perhaps  to 
be  called  emmetropic.  In  the  first  placet,  I  have  never  inet  with  an 
eye  whoae  focal  distance  in  the  diflbrent  meridians  was  absdntefy 
the  same ;  in  general,  as  shall  be  more  folly  shown  in  the  Chapter  on 
Astigmatism,  the  focal  distance  is  shorter  in  the  vertical  meridian  of 
the  eye  than  in  the  horizontal.  But,  apart  from  this,  here,  if  any- 
where, we  must  allow  a  certain  latitude  to  the  role.    Slight  degrees 

of  M,  for  example  M  =||q>  in  which,  at  the  distance  of  10  feet 

(ss  120')  vision  is  still  perfectly  accurate,  are  almost  always  un- 
observed. Slight  degrees  of  H  are  in  youth  not  even  to  be  proved, 
mnch  less  to  be  rednced  to  their  nomerical  valne :  indeed,  whenever 
a  deficiency  of  refiractive  power  ezista  in  the  eye,  when  in  a  state  of 
absolute  lest,  it  is  supplied  by  the  accommodation.  And  even 
if  the  eye  in  paralysis  of  accommodation  shonld  be  emmetropic, 
the  tone  of  the  accommodation  alone  effects  a  slight  degree  of  M. 
Consecjuently,  the  actually  emmetropic  vision  requires,  in  a  certain 
sense,  a  minimum  of  H,  and  that  minimum  is  capable  of  no  accurate 
taxation,  because  to  the  tone  itself  a  certain  latitude,  perhaps  from 

•ri^  to  -i;,  must  be  allowed. 
iUU  4U 

In  this  sense^  and  it  is  practically  the  only  conect  one,  the 
majority  of  eyes  of  young  persons  are  imdoubtedly  emmetropic 
FinaUy,  should  the  question  be  proposed,  whether  E  is  the  most 

desirable  condition :  as  concenis  myself,  I  sliould  give  the  prefer- 
ence to  a  slight  degree  of  M,  and  I.  shall  subsequently  state  my 
reasons  for  doing  so. 
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The  emmetropic  eye  is  dioptrically  to  be  realized  in  various  modes. 
Apart  from  the  possible  diti'erences  of  the  coefTieients  of  the  refrac- 
tion>  a  corapeusating  actioa  may  take  place  between 

a.  The  radius  of  the  cornea :  the  less  this  is,  the  shorter  is  the 
focal  distance. 

b.  The  form  of  the  ajstalline  lens :  the  more  convex  its  snrfooes, 
the  shorter  is  its  focal  distance. 

e.  The  position  of  the  oiystaUine  Iras :  the  more  anteriorly  it  lies, 
the  more,  ceter%9  paribuif  has  it  a  shortening  influence  upon  the 

foc^il  distance  of  the  whole  system. 

d.  The  length  of  the  visual  axis  :  it  needs  only  to  correspond  to 
the  condition,  resulting  ixom  a,  b,  and  to  make  the  eje  in  each 
case  emmetropic. 

Howmr,  each  of  the  factors  mentioned,  hj  itself  presents  in  the 
emmetropic  eye,  comparativelj  little  difiTerence.  With  respect  to 
the  oomea,  this  is  directly  seen  from  a  large  nnmher  of  measure- 
ments.* For  the  other  fiietors  it  may  he  assumed  for  reasons!>  the 
devel<^ent  of  which  would  here  lead  me  too  fiur.  Hence  we  are 
completely  justified  in  assuming  a  diagrammatic  eye,  and  for  the 
sake  of  different  calculations,  starting  therefrom.  The  values  assumed 
by  Listing  were  somewhat  modified  by  Helmholtz,  who  considers 
the  crystalline  lens  to  be  a  little  Hatter,  and  its  position  to  be  rather 
more  anterior.  With  these  modifications  I  have  adopted  them  at 
page  67,  where  they  aie  ooUated  with  those  of  the  accommodated 
eye. 

Following  Listing's  ezample^f  we  may  go  still  a  step  further  in  the 
simplification :  it  is»  in  £ict»  allowable  to  reduce  the  compound  diop- 
tric system  of  the  eye  to  a  single  refiracting  surface,  bounded  anteriorly 

by  air,  posteriorly  by  aqueous  or  vitreous  humour,  and  this  reduced 
eve,  where  the  greatest  accuracy  is  not  required,  may  be  made  the  basis 
of  a  number  of  considerations  and  calculations.  With  this  simplifi- 
cation we  can,  with  the  greatest  ease,  form  a  satisfactory  idea  of  the 
magnitude  of  the  retinal  images,  of  the  position  of  the  conjugate 
foci,  of  the  extent  of  the  circles  of  diffusion  in  imperfect  accom- 
modation, in  astigmatism,  &c.,  and  of  numerous  other  points. 
The  right  to  this  simplification  we  derive  from  the  minateness  of 

•  Conf.  Verslagen  en  Mt  dedeelinyen  van  de  Koninkl.  Akademie  van 
Wdenschappvn,  18G().  D.  xi.,  page  159. 

f  Dioptrik  des  Auges,  in  Wagner's  Hatidtcdrterhueh  der  Fhysiohyie, 
B.  iv.  page  493.  Braunsohweig,  1833. 
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the  distance  between  the  two  nodal  points  and  between  the  two 
prindpel  pointa  of  the  dioptric  ayatem  of  the  eye;  thia  dialanoe 
amoonta  to  leaa  than  one-fonith  of  a  nuUimdtre.  It  ia  efident  tliat 
neglecting  thia  will  eanae  only  a  Tery  slight  difoenee.  We  thus  ob- 
tain^ besides  the  two  focal  points,  as  cardinal  points,  only  one  principal 
poiiit,  h,  and  one  nodal  point,  tlic  latter  being  the  optical  centre,  k  : 
that  is,  we  retain  simply  the  cardinal  points  of  one  simple  refracting 
surface  (compare  pp.  40-44),  whose  centre  of  curvature  is  Fortui- 
tooaiy  the  radius  of  curvature  for  the  human  eye  is  5  mm. ;  the  co- 

4 

efficient  of  refraction  may  further  bo  assumed  as  ^.    Hence  results 

anch  a  aimple  poaition  of  the  ft«t^na.l  pointa^  that' we  can  without 
difficulty  imprint  them  on  oar  memoryj  and  make  many  calculations 
eren  without  the  -oae  of  figorea.  To  this  I  attach  great  importance, 
because  our  ideas  thus  gain  so  very  much  in  clearness. 

Fig.  89  represents  the  reduced  eye  in 
its  true  dimensions. 

/•  is  the  optical  centre.  • 
A  is  the  principal  point. 
k  A= 5  mm .  is  the  radiua  of  curvature 
of  the  refraoting  aurface. 
^,  ia  the  posterior  focua,  that  ia^  the 
focua  of  rays^  parallel  in  the  air  (compare  Fig*  90)  • 

4/  ia  the  mUmct  focua^  that  ia^  the  foona  of  rays^  parallel  in  the 
vitreous  humour  (compare  Pig.  91). 

Fig.  90.  Fig.  91. 


h  <^,,=rF,  is  the  posterior  focal  distance  s  20  mm. 
h  <^,=1\  the  anterior  focal  distance  =:  15  mm. 

4 

Therefore  the  coefficient  of  refraction  -  =    aa  being        :  F,  s 

20  :  15. 

The  meaning  of  the  reduction  thus  made  is  this :  that  for  the 
ordinary  eye  we  substitute  one  with  a  cornea,  whose  radius  of  curva- 
ture is  only  6  mm.,  while  behind  this  ia  merely  vitreoua  or  aqueous 
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hnmourp  wiihoat  cryatalline  lens,  and  with  a  length  of  visual  axis 
of  20  aim.  In  such  an  eye  xetinal  images  would  have  the  same  mag- 
nitudet,  the  same  distinctness,  and  the  same  porition  which  they  ez- 
Idfait  m  the  emmetropic  eye  with  its  cornea  of  nearly  8  mm.  radins  of 

curvature,  its  crystalline  lens  of  a  little  more  than  43  mm.  focal  dis- 
tance^ and  its  visual  axis  of  a  little  more  than  22  mm.,  aud  it  can, 
therefore,  reaUy  be  substituted  for  this  last. 

That  ill  the  assumed  reduction  the  system  alters  but  little,  we  can 
render  evident  by  leasoning.  In  the  first  place,  the  cornea  is  the 
principal  refracting  surface,  where  the  rays  deviate  most:  its  focal 
distance  is  31*7,  while  that  of  the  ciystalhne  lens  amounts  to  43*7. 
In  the  second  ^aoe,  in  the  ciystalline  lens  the  two  principal  points 
lie  80  dose  to  one  another,  that  they  may  be  united  into  a  stn^^e 
optical  centre.  If  we  now  consider,  that  this  optical  centre  of  the 
lens  lies  about  16  mm.,  that  of  the  cornea  a  little  more  than  14  mm. 
in  front  of  the  retina,  we  shall  understand  that  the  effect  of  both  is 
combined  in  one  point,  situated  15  nun.  from  the  retina.  In  order 
now  further  to  combine  in  one  surface  of  curvature  the  dioptric  action 

4 

oi  lens  and  cornea,  the  coefficient  of  refraction  being  ^,  a  radius  of 
corvatnvB  of  preeisely  5  mm.  is  required. 


NOTE  TO  f  14. 

Tbfb  ndmotion  SMomed  in  round  numhsrs  seaiodj  dUBnrs  froai  that  found 
Ij  calfflilatiim  (tee  the  nstiiod  in  lastbg,  e.,  p.  493)  from  the  disgnau- 
matio  «js  of  Halmholts  i  in  plase  of  the 

calculated  values,  we  assDmod, 

F,=s  15  036  15 
F,=  20113  20 
A  A  =  5  077  5. 
In  connexion  herewith  we  assumed,  as  ooeffioient  of  refraotion,  in  place  ot 

^      =  I'  whioh  Tslues  stand  to  another  «  308 : 309.  Listing's  dia- 

gnumoatic  eye  differs,  it  is  true,  somewhat  more  from  the  round  numbers ; 
hot  still  listing  has  elsswhere  {Btitrog  war  phyaiologitclun  Dioptrik, 
Gottingsn,  1M6)  foond  himself  justified  in  substituting  the  same  round 
numbflm. 

I  now  wish  to  show,  by  soms  STsmplas,  what  use  we  ean  make  of 
ths  numhsrs  asoertunsd,  in  order  to  be  aUe  to  form  a  quite  salis&otoiy ' 
idea  respecting  ssTsral  problems. 

0.  In  the  first  plaee,  a  ray,  dirsoted  to  k  (compare  pp.  42     Mf  Fig. 

12 
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19),  ooinddes  with  the  radius  of  ourrature,  and  .thus  passes  through 
unrefraoted  :  let  1 1  be  an  object  B,  jj  its  image  /3 ;  let  A:  i,  the  distance 
from  the  object  to  A,  be  ^;  kj,  the  distanoe  the  image  to  A,  bey'. 

Evidently  now 

We  saw  that  15  mm.  We  have  thus  <mly  to  divide  the  dittanoe  ^  of 
the  object,  expreaaed  in  mm.,  by  15,  in  <nd«r  to  find  bow  many  timet  the 
retinal  image  ia  analler  than  the  objeet :  a  mdtie,  placed  at  15  mfttzea 
(16,000  mm.)  diatanoe,  givea  a  letinal  image  1,000  timea  smaller,  and  tfarn- 
lore  one  millimMve  In  dse. 

5.  If  the  eye  remains  accommodated  to  infinite  distanoe,  the  image  j  td% 
point  {',  placed  at  an  infinite  distance,  falls  behind  the  retina.  How  far  does 
it  lie  behind  it  P  In  other  words,  how  large  is>^  —  s  y  ?  AboTO  (p.  41) 
we  found  the  distanoe,  kj,  as 

If  we  put  /  —  =  C. 

Then  /  = 

and  we  may  write  =  ^kiLJL^^ 

F  F 

F  F 

consequently  /,  —     =  — 

In  order,  therefore,  to  fiiid^  —  =  y,  that  is  the  displacement  of  /  behind 
the  retina,  we  have  only  to  divide  the  lixed  product  i-',  =  20  x  15  =  ;iOO 
by  0,,  that  is  by  the  distance  of  tlio  anterior  focus  to  the  object. 
If  the  point  i  lies  320  mm.  from  A,  that  is  300  from  ^„  its  image  j  will  fall 
precisely  1  mm.  (300  :  300  =  1)  behind  the  retina.  The  point  t,  situated  at 
1  metre  in  front  of  (1090  mm.  in  front  of  k)^  makes  j  fall  only  0*3  mm. 
(300 : 1000  a  0*3),  the  point  litDated  at  100  mm.  from  f,  makes  J  fall  not 
lesB  than  8  mm.  (800: 100  3)  behind  the  retina.  Thus  wt  oan  easily, 
without  the  nae  of  fignrea,  oaloolate  y  finr  eaeh  ^iitenee  of  i 

e.  If  we  thus  know  y,  we  can  frvther  easily  find  the  diameter  of  the 
oirelea  of  difiPusion,  and  so  obtain  an  idea  of  the  degree  of  distinotneas  of 
Tision.  In  the  reduced  eye  the  matter  is  simple.  A  oone  of  rays,  derived 
from  one  point  t,  unites  in  j.  On  the  retina,  in  <p^,  this  oone  has  yet 
a  certain  section :  that  is,  the  circle  of  diifusion.  The  length  ^,  j  =  y, 
we  have  only  to  divide  by  the  length  of  the  whole  cone,  calculated  from 
the  pupil,  in  order  to  find  in  what  proportion  the  pupil,  as  circle 
of  diffusion,  is  reduoed.  The  distance  irum  the  pupil  to  we  may 
fix  at  19  mm.   Now  if  y  =  1  mm.,  the  oirdle  of  diffusion  is  (1:19  +  1) 

^  of  the  diameter  of  the  pupil;  with  yss=2  mm.,  we  find  ^,  with 

3 

y  =  8  mm.  ^  etc   The  diameter  of  the  pupil  being  taken  at  4  mm.,  the 

1  8 

diameter  sr  of  the  eirele  of  diAision  is  in  thefirit  ease  s  ^,  in  the  aeeond 
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ia  the  third  j|  mm^ete.  EvidenUy,  with  equal  ddviatioxi  of  aooamsioda- 

tuni»  the  cirdm  of  difibiUm  iMoome  greater,  and  the  aoomaoy  of  tuboh 
oommqiientiy  dimininhee  the  mofe^  the  larger  the  pnpQ  ia. 

To  be  qmte  correct,  we  shoold  make  the  position  and  the  magnitude  of  the 

papil,  as  they  manifest  themselves  as  the  imacge  of  the  crystalline  Imm,  Uie 
bAaifl  of  the  calculation.  The  influence  of  the  crystalline  lens  is,  however, 
not  great :  with  a  true  magnitude  of  4  mm.  its  image  of  the  erystallino  lens 
is  4-23,  and  a  position  of  3-6  mm.  changes  into  a  position  of  3-713  behind 
the  cornea :  with  this  the  assumed  distanoe  s  19  mm.  in  front  of  the  retina, 
agxees. 

If  we  wish  to  make  iite  calculations  for  Parisian  inches  and  lines,  we 
may,  in  place  of  6, 16  and  20  mm.,  put  down  2**2,  G^*6,  and  8"*8,  whiok 
wmfawe  we  etn  euily  ranemlwr  aid  vie  in  the  oalenlatleafc 

We^  ean,  monover,  in  leftnnee  to  the  ledneed  eye,  form  a  Teiy  good  idea 
of  the  aeecwnmodatioa.  Inthefintp]aoe,if  weauppoeethiatooeenr  thfongh 
MMk  imaginary  anxiUary  lens  situated  in  air,  the  latter  has  only  to  make 
the  diveiging  rays  parallel :  the  focal  distanoe  of  the  auxiliary  lena  must 
then  be  equal  to  its  distance  from  the  point  for  which  we  accommodate. 
Thus  understood,  the  imaginary  auxiliary  lens  is  equal  to  a  spectaole-glaaa 
oorrecting  according  to  the  distance.    In  this,  however,  the  position  of  the 
cardinal  points  changes  in  another  mode  than  actually  takes  place  in  accom- 
modation.   If  wc  wish  to  obtain  the  actually  altered  position,  we  must  also 
reduce  the  accommodated  eye  in  itself.    Wo  may  a&bume : 

r  s  4*6  mm. 
F,  =  18*6 
J?,=  18. 

Hen,  now,     liee  «t  2  mm*  before  the  retina:  the  Tiinal  axia  hai^ 

in  fact,  maintained  ita  length  of  20  mm.,  and  thia  mnathi^pen,  because  the 
principal  point  has  scarcely  changed  its  position  (compare  p.  87).  On  tlic  other 
hand,  k  has  approached  to  A,  as  actually  takes  place  in  the  aooommodation. 
We  find  the  distance  to  the  object  for  which  this  eye  is  accommodated  to  be 
(13-5  X  18  =  243,  and  24;i  :t  =  121-5)  121  o  mm.  from  <p,,  and  consequently 
139*5  from  k,  that  is  about  6%  to  that  the  reduced  eye  here  aeaamed  repre- 

The  calculation  of  tlie  altered  position  of  A  by  the  nae  of  glasses  ia  rather 
eomplioated*  The  method  reidlla  hfm  xr.  p.  53,  and  xxii.  p.  88.  In  tiie 
■eetion  on  t^tkMt  we  ihaU  be  obliged  to  nuSke  nae  of  it»  and  therelera  to 
iUoitnte  it  with  example^ 


§  15.  Centrk  of  Motion  ajsd  Movements.    Angle  between 
THE  Axis  oir  the  Coemea.  and  toe  Visual  Line. 

It  would  be  going  beyond  the  plan  of  the  present  work^  hen  to 

enter  into  the  whole  doctrine  of  the  movements  of  ihe  eye.  The 
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gieat  complexity  of  die  sabject^  especially  when  taken  in  connexion 
with  binocuhir^  stereoscopic  vision,  woald  alone  be  sufficient  to  deter 
ns  from  so  doing  *   But,  besides,  there  is  little  application  to  be 

made  thereof  in  reference  to  ametropia;  and  only  so  far  as  they  are 
modified  in  ametropia,  have  we  here  to  deal  with  the  functions  of  the 
emmetropic  eye.  As  to  the  mechanism  of  the  movements,  a  modifi- 
cation  with  respect  to  two  points  is  to  be  noted,  which  is  of  importance 
for  onr  object :  a.  with  reference  to  the  position  of  the  centre  of 
motion ;  with  rdSerence  to  the  e&tent  of  taming  round  the  Tertical 
axis. 

Be^ecting  the  position  of  the  centre  of  motion  nnmerons  inyea- 
tigations  have  been  made,  among  others  by  Yolkmann,  Mile,  Bnrow, 

and  Valentin.  These  investi^tions  yielded  rather  discordant  results, 
but  as  the  eye  does  not  diU'cr  much  from  a  globe,  and  is  in  great 
part  contained  in  a  globular  cavity,  these  observers  agreed  that  the 
centre  of  motion  should  be  situated  about  in  tbe  middle  of  the  visual 
axis.  The  discrepancy  of  the  results  obtained  is  attributable  in  part  to 
the  methods  of  investigation  employed,  but  in  part,  no  doubt>  also  to 
the  difference  of  the  eyes.  Since^  in  fact,  it  was  shown^  that  ame<- 
tiopia  depends  principally  on  a  difference  in  length  of  the  visoal 
axis,  it  must  even  h  priori  have  been  sup})osed,  that  the  distance  at 
which  the  centre  of  motion  lies  behind  the  cornea,  should,  in  ametropia 
undergo  a  modification,  and  I  therefore  thought  it  necessary  to  in- 
vestigate that  subject.  The  invcstigaf ion  took  jdace  in  concert  with 
my  friend  Dr.  Doyer,  according  to  a  method  described  at  the  eud  of 
this  section. 

The  results  obtained  in  emmetropic  individuals,  are  collected  in 
the  subjoined  table.  The  subjects  were  all  men.  D.  signifies  the 
right,  and  S.  the  left  eye. 

•  Compare  Ruete,  Lehrb.  der  Ophihahnologie,  Bd.  i  1848,  S.  8. 

F.  C.  Bonders,  Zur  Lehre  der  Bewegungen  des  menschJichen  Aug0$  in 
Hollandischt'ti  Bi  itr.  z.  d.  anat.  und physioL  Wiu»  18^,  Bd.  i,  VOB 

van  Deen,  Dondcrs  uud  Moleschott. 
Von  Graefo  in  Archiv  f.  Ophthahn.  Bd.  i. 

Meissner,  Die  Buwcyungen  des  yiugcs,  Archiv  fur  Ophthalm.  Bd.  iii. 
Fick,  Zeiischrifl /.  ration.  Medicin  vou  licuie  und  Pfeufer,  B.  iv.  und 

V.  Kena  Folge. 
Wimdt,  Archiv  f.  OpMkaUndogU,  B.  viii.,  1862. 
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Ko*.  of  tbo 

Aie. 

Bjrc. 

Po«itioti  of  the 
ceotiT  of  moUoti 

'IWkHltMt    til  A  aiWkV 

the  axis»  uf  Uio 

1 

23 

D. 

13-9 

6<» 

>f 

•> 

S. 

13-84 

6» 

2 

23 

S. 

13-72 

6*> 

8 

80 

D. 

13  03 

4<> 

»♦ 

»» 

8. 

13 -.38 

r><> 

4 

31 

S. 

13-49 

3^5 

5 

34 

B. 

18-27 

»i 

»» 

8. 

14-01 

ri<> 

6 

33 

S. 

13-0.3 

4''o 

7 

3o 

s. 

13-58 

8 

40 

8. 

1317 

70 

9 

48 

D. 

18*99 

10 

48 

D. 

13-32 

8»5 

»♦ 

»» 

8. 

1319 

3«>5 

11 

50 

D. 

13-38 

4«4  ! 

The  lenglih  of  the  Tisnal  axis  in  emmetropic  isdividiiab  is  sup- 
poeed  to  be  equal  to  that  in  the  diagrammatic  ^e,  namely>  22*281 
mm.  Now  by  the  method  adopted  we  found  the  distance  from  the 
centre  of  motion  to  the  base  of  the  segment  of  the  cornea ;  this 

base  being  2*6  mm.  from  the  apex  of  the  cornea,  2'0  mm.  must 
be  adtled  to  the  number  obtaineil,  in  order  to  find  the  position  of 
the  centre  of  motion  behind  the  apex  of  the  cornea. 

The  same  determinations  were  made  iu  ametropia.  They  will  be 
commnnicated  in  detail  in  the  chapters  upon  H  and  upon  where 
the  importance  of  these  results  in  the  production  of  strabismus' 
divergens  and  strabismus  convergens  will  be  shown.  In  this  place 
I  give  in  the  subjoined  table  only  the  averages  of  the  results  ob- 
tained for  emmetropic,  myopic,  and  hypermetropic  subjects. 


a 

PotitioQ  of  the  Centre  of  Motion. 

/ 

h 

e 

d 

In 

# 

Behind  the 

1.  E. 

2.  M. 

3.  H. 

mm. 
23-63 
25-55 
22-10 

mm.  mill. 

18-M  :   9*99  s  57-82: 42*46 
14  52  !  11*03  =  56-83: 43-17 
13*22  :    8*88  s  69*8  !40*2 

mm. 
1*77 

1-75 
2*17 

5O-082 

2" 

7*»*66 

F^om  this  table  it  appears : — 
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1st.  That  in  the  cnimetropic  eyo  the  centre  of  motion  is  situated 
at  a  cousiderabie  distance  (1*77  mm.)  behind  the  middk  of  the 
visual  axis. 

2nd.  That  in  myopic  individuals  the  centre  of  motion  is  sitaated 
more  deeply  in  the  eye,  but  also  farther  from  the  posterior  surface, 
and  indeed  so  that  in  the  eyes  of  such  persons  the  relation  between 
the  parts  of  the  ▼isnal  axis^  situated  before  and  behind  the  centre  of 
motion,  is  nearly  the  same  as  in  the  emmetropic  eye. 

8rd.  That  in  hypometropic  eyes  the  centre  of  motion  is  situated 
not  so  deeply,  but  relatively  very  much  closer  to  the  posterior 
surface  of  the  eye. 

In  the  above  tables  a  column, /)  is  assigned  to  the  angle  between 
the  axis  of  the  cornea  and  the  visual  line.  The  subjoined  figures, — Fig. 
92,,  representing  an  emmetropic ;  Fig.  93,  a  myopic ;  and  Fig.  94,  a 
hypermetropic  cgre^-Hire  intended  to  illustrate  the  meaning  of  that 
an|^  and  at  the  ssme  time  the  position  of  the  centre  of  motion  d*. 


Fig.M. 


A]l  are  seen  in  horizontal  sections^  carried  through  the  optic  nerve^  «• 
I  is  therefore  the  innermost,  £  the  outermost  part  of  the  eye. 
The  axis  of  the  cornea,  ^  a,  cuts  the  cornea  in  the  middle :  to  this, 

in  fact,  the  apex  of  the  ellipsoid  of  the  cornea  corresponds.  Now 
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this  axis  is  by  no  means  dnected  to  the  object  fixed,  which,  as  soch, 

lias  Hs  image  in  the  fovea  centralis  of  the  yellow  spot  L    A  line  drawn 
from  the  retinal  image  of  the  fovea  ccntralia  towards  its  object  is  the 
visual  line  /  I',  and  this  may  be  considered  to  cut  the  axis  of  the 
cornea  in  the  united  nodal  point       The  angle,  /'  k  a,  is  therefore 
the  angle  between  the  axis  of  the  cornea  and  the  visual  line  iu  the 
horizontal  plane.    In  the  vertical  plane  this  is  usually  much  less,  and 
has  no  spedai  hearing  on  onr  present  snbject.   Now  it  appears  that 
m  the  emmetfopie  eye  the  visual  hne  cats  the  comea  to  the  inside 
of  its  axis.   This  had  already  heen  ascertained  hy  Senff^nd  was 
confirmed  in  a  small  nnmher  of  eyes  by  Hebnholts  and  Knapp.* 
"We  foimd  it  as  a  rule  in  more  ihm  fifty  eyes.    I  had,  however, 
previously  observed  t  that  in  myopie  individuals  the  angl(*  I'  k  a,  is 
le$s  than  in  cuHUL'tro^jic  persons,  and  that  in  the  highest  degrees  of 
M  the  comea  may  be  cut  by  the  visual  line,  even  on  the  outside  of 
its  axis.     The  investigation  carried  on  with  Dr.  Doyer  showed 
further,  that,  contrary  to  what  was  observed  in  M,  the  angle  I'  i  a 
is  in  H  particularly  large. 

Hence,  now,  it  f q11ows»  that  in  looking  at  distant  objects,  while 
tfaevisnal  lines  aie  paiallel,  theaxes  of  the  comea  in  ennnetropic  indi- 
iridnals  dirage  about  10^,  still  more  in  those  who  are  hypermetropic, 
bnt  less  in  myopic  persons,  in  whom  they  may  even  converge.  TWs 
gives,  considering  the  position  of  the  eye  in  emmetro])ic  subjects  to  be 
normal,  in  hyj>ermetropics  apparent  strabismus  divergens,  in  myopics 
apparent  strabismus  convergens,  which,  when  once  one  is  aware  of 
it^  is  veiy  evident,  and  contributes  much  to  the  peculiar  physiognomy 
of  myopic  and  hypermetropic  persons. 

Pinally,  as  to  mobility  around  a  vertical  axis,  proceeding  from  the 
petition  in  whidi  the  axis  of  'the  comea  stands  perpendicular  to  a 
vertical  sni&ce  carried  through  the  centre  *of  motion  of  both  eyes, 
the  nonnal  emmetropic  eye  can  in  youth  turn  from  42^  to  51**  in- 
wards and  from  44^  to  49°  outwards.  In  myopic  persons,  as  will 
appear,  the  moveme*^ts  arc  often  limited. 

*  Enapp,  Die  Krummung  der  Hornhaut,  Heidelb(>rg,  1859. 

t  Vmrdagen  m  meded,  dtr  KanmkL  Akademie,  1800,  D.  zi.  p.  159. 
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HOTE  TO  §  15. 

In  the  investigation  of  the  mechanism  of  the  movements  of  the  eye,  the 
knowledge  of  the  pottition  of  the  oentre  of  motioii  is  a  primary  requisite.  It 
may  fliflrofbro  oanss  xMsoiiable  surprise,  tbat  in  the  nvmeroiis  and  eUbomte 
reseanhm  oairied  on  of  late  yean  respecting  this  meehanism,  the  deter- 
mination of  the  oentie  of  motion  should  have  attracted  so  little  attention.  If 
obserren  started  on  the  assnmption,  that  the  position  of  this  oentre  had  been 
determined  by  preTions  investigations  with  soffident  aocnraoy,  they  were 
mistaken.^  In  the  first  place,  as  Ludwig,  among  others,  observed,  the 
methods  employed  left  much  to  be  desired;  and  in  the  second  place,  the 
influence  of  the  length  of  the  visual  axis  upon  the  position  of  the  centre  of 
motion  was  wholly  left  out  of  consideration.  Now  if  the  latter  was  found,  as 
a  result  of  observation,  at  a  distance  of  from  119  to  14'1  mm.  from  the 
cornea,  it  was  certainly  extremely  arbitrary  hence  to  assume  it  as  proved, 
that  the  centre  of  motion  must  be  situated  in  the  middle  of  the  yisual  axis. 

Some  years  ago  I  thought  I  had  found,  in  the  measniement  of  the  dia- 
plaoement  of  a  refleeted  image  on  the  oomea,  a  simple  and  aoourate  mode  of 
determining  the  oentre  of  motion. 

In  the  fint  plaee  I  asoertained,  with  the  aid  of  Halmholti*  ophtiialmo-  • 
meter  (compare  p.  17),  the  radius  of  onryature  in  the  middle  of  the  cornea. 
Subsequently  I  endeavoured,  from  the  displacement  just  alluded  to  of  a 
reflected  image,  to  deduce  how  £ir  behind  the  oentre  of  onrvatnn  the 
centre  of  motion  was  situated. 

The  reasoning  was  as  follows  :  —if  the  centre  of  motion  of  the  eye  should 
coincide  with  the  centre  of  curvature  of  a  spherical  cornea,  an  image  reflected 
in  the  axis  of  this  cornea  would,  ou  movement  of  the  eye,  undergo  no  change 
of  place  whatever.  If,  on  the  contrary,  the  centre  of  motion,  as  was  to  be 
expected,  should  lie  behind  the  oentre  of  ouryature,  then,  on  turning  the  eye, 
the  reflected  image  wouM  be  displaced  in  the  same  diveotion  in  space  as  that 
in  which  the  eye  was  moved,  and  this  displacement,  as  a  simple  ccostmction 
shows,  is  the  sine  of  the  angle  of  motion,  described  from  the  oentre  of  motion 
of  the  eye  with  a  radius,  eqnal  to  the  distdkace  between  the  oentre  of  motimi 
and  the  oentre  of  curvature. 

From  this  reasoning  it  followed  that  we  should  have  to  measure  only  this 
displacement  at  a  I  nofrn  angle ^  in  order,  from  the  sine  thus  determined,  to 
find  the  radius,  and  with  it  the  distance  between  the  oentre  of  cnrratare 
and  the  centre  of  motion. 

Now  the  angle  wr  ^.  ascertained,  by  looking  sucoessively  towards  two 
sights  [visieren)  in  a  horizontal  surface. 

It  was,  moreover,  easy  to  measure  the  displacement  of  the  reflected 
image.  Immediately  before  the  opening,  to  which  the  eye,  the  head  being 
fixed,  oortesponded,  a  hair  was  yeitically  extended.  If,  onflxing  the  first 
sight,  the  refleeted  image  coincided  with  the  hair,^t  appeared,  cm  direeting 
the  eye  to  the  seoond  sight,  to  deriate  therefirom,  and  this  deriaticn  was 
•  measured  by  making  the  double  imagee,  seen  with  the  ophthalmometer, 
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to  Mpanto  m  Ihr,  that  the  iecond  imag^  of  the  hair  ooinoided  with  the  tot 
€f  the  nfleotod  inage.  Further,  by  repeatedly  Uwldiig  alteroately  to  eeeh  of 
the  two  eighty  the  required  diaUnoe  of  the  double  imagea  eonld  be  atill  mora 
neuly ,  and,  indeed,  ywry  aeenrate^,  delennined,  while  at  the  aame  time,  the 
infloenoe  of  alight  morements  of  the  head  was  excluded.  The  measurement 
waa  Mourate  when,  on  quickly  and  alternately  fixing  the  two  sii^hts,  the 
one  image  of  the  flame  completely  ooiuoidcd  alternately  with  (he  two  hailib 
or  deviated  therefrom  by  an  equal  comparative  quantity. 

If  the  accuracy  of  this  determination  left  nothint^  to  bo  desired,  there  was 
another  tlitBonlty.    The  cornea  is  not  a  spherical  surface.    Its  curvature 
approaches  much  more  nearly  to  the  ellipsoid,  and  the  eccentricity  of  the 
eUipae,  obtained  as  a  horizontal  section,  seemed  great  enough,  to  exercise  an 
faftiMBoeiipeiithepoaltloaofthexefleefeed  image.  IMeewrTanBeeahadthe 
goodneaa  to  ealoolate  thia  influence^  and  it  appeared,  that  in  eonaequenee  of 
MtoaUf  eataMiahed  eooentridty  of  the  eUiptioal  meiidiana  of  the  eomea,  % 
deviatioiL  ariaea,  whieh,  in  the  ealoohition,  may  pioduee,  Ibr  the  poaition  of 
the  eentre  of  motion,  a  difiiBrenoe  of  2,  or  even  of  3*6  mm.    Hence  the  applir 
oatiim  of  tiie  method  was  very  limited.   Indeed,  the  ellipse  of  the  hmiaontal 
section  must  always  be  determined,  and  thb  determination  requires  so  much 
time,  that  it  is  difficult  to  apply  it  to  a  great  number  of  eyes.    The  method 
is  here  communicated,  because  in  those  cases  in  which  the  eliipae  if  deterr 
mined,  it  is  not  unserviceable  in  the  control  of  other  methods. 

A  similar  method  had,  as  I  subsequently  learned,  been  previously  proposed 
by  Professor  Jonge,  of  Petersburg.  His  results,  obtained  iu  lielmholtz' 
laboratory,  were  pnbUdied  by  him  in  the  Rna^an  language.  I  became 
aequainted  with  them  from  the  manuaoript  of  the  German  tranalation  of  Ida 
valuable  treatiae.  Jnnge'e  method  depaida»  like  that  above  deaoiibed,  on 
the  diaplaoement  of  the  refleeted  image  of  the  eornea,  in  movement  of  the 
eye.  Tlua  diafdaeement,  however,  he  determined,  by  throwing  the  refleetioa 
4)1  the  same  flame,  both  with  paraUel  visual  linea,  and  at  a  certain  con* 
yergenoe  of  these  lines,  on  the  two  corneas,  and  by  measuring  the  mutual  dis- 
tance of  the  reflected  images,  in  the  two  positions  of  the  eye  jtist  mentioned. 
In  order  to  be  able  to  use  the  ophthalmometrr  for  thin  ni(  asiirement,  the 
images  must,  by  reflection,  be  l)rought  close  to  one  another,  for  which  pur- 
pose Junge  made  use  of  a  sextant.  He  efFected  the  determination  on  five 
eyes  with  great  accuracy.  But  the  numbers  obtained  have  not  a  correspond- 
ing value,  because  he  neglected  to  ascertain  the  eccentricity  of  the  elliptical 
aeetioa,  and  therefore  eeuld  not  apply  the  requiiite  eoneetion.  • 

Sobeequently  I  eneeeeded  in  diaoovering  a  method,  in  uaing  whieh  the 
Ibrm  of  the  eiliptieai  aeotlon  of  the  eomea  haa  not  to  be  taken  into  eonai- 
deration.  In  eonoert  with  Dr.  Beyer,  I  have  applied  this  method  to  a  great 
number  of  eyes.  We  were,  in  fast,  not  aatiafied  with  knowing  the  position 
of  the  centre  of  motion  in  the  normal  emmetropic  eye ;  we  wished  to  inquire 
what  differences  in  that  respect  myopic  and  hypermetropic  eyes  exhibit. 

The  method  consists  in  this: — That  tee  determine  how  great  the  angles 
of  motion  (with  equal  excursions  on  both  sides  J  must  ht\  in  order  to  make 
the  two  extremities  of  the  measured  horizontal  diameter  of  the  cornea 
coincide  alternately  tcith  the  same  point  in  s^tace. 
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The  horizontal  diameter  of  the  cornea  was  measured  with  the  aid  of  the 
ophthalmometer.  For  this  purpose  the  flame  of  a  lamp  was  phioed  perpen- 
dicularly immediately  above  the  ophthalmometer.  The  reflected  image  of 
this  flame  in  the  cornea  was  seen  through  the  ophthalmometer.  A  seoond 
lamp,  placed  near  the  cornea,  was  covered  towards  the  side  of  the  ophthal- 
mometer with  a  screen  and  served  only  to  produce  a  bright  illumination  of 
the  cornea  to  be  examined.  By  giving  to  the  eye  to  be  investigated  a  defi- 
nite direction,  by  making  the  patient  look  to  a  sight  (we  call  this,  moreover, 
the  primary  sight),  which  was  movable  along  a  scale,*  it  was  not  difficult 
to  make  the  reflected  image  of  the  flame  placed  above  the  ophthalmometer 
fall  precisely  in  the  middle  of  the  cornea.  If  this  reflected  image  was  really 
in  the  middle,  the  reflected  images  on  both  sides  in  fact,  by  doubling, 
-reached  at  the  same  time  the  margins  of  the  comese  now  half  covering  one 
another  (compare  Fig.  96  ;  C  the  cornea,/?  the  pupil,  b  the  reflected  image). 

The  result  of  this  first  investigation  is 
Fig.  95.  evident.    The  number  of  degrees  read  oft*  on 

the  ophthalmometer,  which  was  required  to 
make  the  reflected  images  fall  on  the  margins 
of  the  cornea:  half  covering  one  another,  corre- 
sponded to  half  the  breadth  of  the  cornea,  or 
rather  to  half  the  chord  which  subtends  the 
cornea. 

A  second  measurement,  in  which  the  glass 
plates  were  turned  in  the  opposite  direotion, 
served  to  verify  the  first,  and  at  the  same 
time  to  avoid  the  error  of  ooUimation.  In  this  manner  we  obtained,  by 
reading  off  the  ophthalmometer,  above  and  below,  four  measurements.  Of 
these  four  the  average  was  taken. 

A  table  expressly  prepared  now  directly  gave,  from  the  ascertained 
number  of  degrees,  the  corresponding  magnitude,  whereby,  consequently, 
the  half-breadth  of  the  cornea  was  known. 

At  the  same  time,  the  position  of  the  primary  sight  on  the  scale  showed 
what  angle  the  visual  line  made  with  the  axis  of  the  cornea,  assuming  that 
this  passes  through  the  centre  of  the  cornea. 

In  order  further  to  determine  the  arc  which  the  cornea  must  describe, 
in  order  to  traverse  the  length  of  its  own  transverse  diameter  in  space,  a 
ring  was  suspended  before  the  eye  to  be  examined,  in  which  a  fine  hair 
was  perpendicularly  stretched.  It  was  now  merely  necessary  to  try  how 
many  degrees  (starting  from  the  position  in  which  the  axis  of  the  cornea 
was  directed  on  the  cross  of  the  ophthalmometer)  must  be  sighted  at  each 
side,  in  order,  while  the  head  was  immovably  fixed,  to  make  each  of  the 
margins  of  the  cornea  alternately  coincide  with  the  hair.  The  number  of 
degrees  ascertained  corresponded  to  the  angle  which  the  eye  had  described 

*  In  front  of  the  eye  to  be  examined  a  horizontal  graduated  arc  was 
applied,  with  an  arbitrary  radius  described  from  the  centre  of  motion  of  the 
eye.  In  the  middle  of  this  arc,  in  the  direction  in  which  the  eye  saw 
the  cross  of  the  ophthalmometer,  was  the  zero  of  the  scale.  Right  and  left 
of  this  zero  the  degrees  were  numbered. 
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from,  the  centro  of  motion.  It  very  soon  appeared,  that  in  noimal  6JMy  ^«ff 
angle  amounted  to  about  56*^.  We  therefore  began  each  time  with  one 
sight  28*  to  the  left,  place  another  at  as  many  degrees  to  the  right  of 
the  primary  sight  The  head  was  placed  so,  that  on  fixing  the  one  sv^ht, 
the  one  margin  of  the  cornea  coincided  with  the  hair  ;  aud  it  was  tried 
whether,  on  fixing  the  second  sight,  the  opposite  margin  of  the  cornea 
oatregpondod  to  the  hdr.  Onlj  nnly  ww  tiiis  exaetly  the  case ;  but  it 
HMD*  nmrthfllen,  appeared,  whether  a  giMter  or  leeeer  are  viiiet  be  deeoribed. 
A«oordiiig^,  the  two  eighte  wore  fomoTed  from,  or  approximated  to  eaoh 
other,  hj  aa  Bpul  dieteiieo,  whioh  woo  repeated  until  at  length  tho  oxaet 
•oiaoidoBOO  of  the  margins  of  the  oomea  with  the  hair  wie  ohteiiied*  Bj 
nwhlng  the  eye  look  a  few  times  in  rapid  succeeiloii  alternately  towaide 
the  one  and  the  other  sight,  the  influenoe  of  moToment  of  the  head  wae 
with  certainty  excluded. 

Tlic  knowledge  of  the  half-breadth  of  the  cornea,  and  of  the  angle  of 
motion,  whereby  that  dimension  in  space  was  traversed,  was  sufficient 
to  determine  the  position  of  the  centre  of  motion.   The  sabjoined  figure  illas> 
tratea  this.    It  represents  a  horizontal  section 
of  the  eye;  o  ia  the  centre  of  the  yisoal  axis,  or 
nthtr  of  the  axia  of  the  oeniea  ga;  f  ia  the  yel- 
low apot;  il'  the  iriaoal  line^  whieh  in  tho 
poatoriorpart  of  tho  oiyataUiiie  lena  (thatia,  ia 
tho  nodal  point)  onti  tho  Tiaoal  axis.  If  we 
90W  draw  from  tho  oentro  of  motion  «  tiio  linee 
and  xj/  to  the  margins  of  the  eonaa,  and, 
moreorer,  the  line  yif'  9lb  chord  of  the  oomea,  we 
obtain  an  isosceles  triangle,  of  which  the  nn(>lo 
y  J"  y  is  known  to  us.     The  perpendicular  j-  u 
divides  this  triangle  into  two  equal  and  uniform  rectangular  triangles, 
(the  acute  an<?lc  of  which,  and,  moreover,  the  side  of  the  rectangle  i/ « 
the  half-chord  of  the  cornea)  are  known  by  measurement.    The  second 
aido  of  the  rectangle      ia  aifidantly  tha  diitanoe  from  tiio  centre  of  motion 
to  the  boaa  of  the  aegmant  of  the  oomea.    It  ia  fonnd  by  multiplying 
tha  aide  of  the  reetangle  y«i  by  tho  oo>tangont  of  the  oppoaite  angle 
jf«ic    By  adding  to  thia  tho  hdght  ua  s  2*6  mm.  of  the  aegment  of 
Ihe  oomea,  we  obtain  the  distance  a     that  la,  the  poiitioii  of  the  oentie  of 
haiilnd  tha  anterior  snrfboe  of  tho  cornea. 
In  many  eases,  especially  in  myopic  persons,  the  mobility  of  the  eye  was 
too  limited  to  make  the  cornea  traverse  tho  required  space.    In  this  case 
we  used  a  ring,  provided  with  two  extended  parallel  threads,  whose  mutual 
distance  was  accurately  determined.    This  usually  amounted  to  3-02  mm. 
The  sights  were  now  so  placed  that  the  one  thread  coincided  alternately 
with  the  inner  margin,  the  other  with  the  outer  margin  of  the  cornea.  In 
order  to  know  the  space  traTersed,  it  was  now  necessary  only  to  substract 
the  diatanee  of  the  thieada  from  the  pcerionaly  aaeertained  breadth  of  the 
eomea,  and  this  valne  was  farther  made  the  basil  of  the  calculation. 

The  reanlti  we  have  eompriaed  in  three  tahlea.  The  ilrat  eontaina  the 
afea  of  faifiMiroMi?  indnridnalab  the  eeoond  thoae  of  the  third  thoae 
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of  hypermetropic  perfoni.  Tlus  dilCiBetian  WM  made  in  order  to  eiMbit 
file  infliMww  of  tbo  lengfh  of  tlie  Tinial  ozis.  AbofO  (p.  181),  a  teUo  was 
giw  Car  oBUBOtra^  ojoi ;  and^  moveoror,  one  onteining  tho  vrenge  of 
the  results  obtained  in  E,  M,  end  H. 

We  do  not  conceal  from  ourselves,  that  afler  this  iuTeetigation,  nmoih 
remains  to  be  done  with  respect  to  the  determination  of  the  centre  of  motion 
of  the  eye.  In  the  first  place,  we  have  not  yet  examined  how  far  the 
oentre  of  motion  may  be  regarded  as  a  fixed,  unalterable  point.  Our  investi- 
gations extend  only  to  horizontal  motion,  and  almost  always  to  an  equal 
amount.  We  can  therefore  answer  only  for  the  accuracy  of  the  direct 
determination — that  of  the  dutanee  between  the  bate  of  the  eegmetU  of  ike 
eomea  «md  the  cttntn  if  mo/Hkn^  m  ralUm  uitt/mim  wodtmmnU  m  tibtf 
hofiMaiM  pliant* 


§  16.  AouTransB  ov  Vision  moddibd  bt  Aob. 

With  the  increase  of  years,  the  eye  undergoes  a  number  of  changes 
of  different  kinds.  Some  of  these  are  recognisable  on  mere  external 
inspection,  as  the  diminished  lustre  of  the  coxnea  and  of  the  con- 
junctiva, the  smaller  pupil,  the  changes  of  colour  and  less  transparency 
of  the  sderotie  and  of  the  iiis,  the  diminished  depth  of  the  anterior 
chamber  of  the  e^e,  the  aiona  aenflia^  etc  Some  appear  only  on  proper 
anatomical  examination!  to  these  belong,  among  others,  the  wurty 
grannlalions  of  the  stmctoreless  membranes^  with  secondary  changes 
of  the  retina,  calcareous  deposits  in  the  posterior  part  of  the  sclerotic, 
the  peculiar  metamorphoses  of  its  anterior  part,  clianges  of  the 
choroid,  atrophy  of  the  musculus  ciliaris,  greater  firmness  and  a 
yellower  tint  of  the  lens,  followed  by  turbidity  of  some  layers,  and 
lessened  transparency  of  the  vitreous  humour.  Even  before  anato- 
mical investigation  can  exhibit  any  trace  of  turbidity,  the  comparative 
ophthalmoscopie  examination  of  aonnd  ejrea  at  diflferent  periods  of  life 
ahowa,  that  with  the  increaaeof  years  the  perfect deainess  and  taoa* 
paiency  are  lost,  in  nrtoe  of  which  the  fnndna  ocoli  of  the  dmd  ia 
seen  with  such  incomparable  deameas. 

With  these  anatomical  changes,  different  disturbances  of  function 
are  combined.  The  principal  of  these  are  diminution  of  the  accuracy 
of  vision  and  lessening  of  the  range  of  accommodation.  Both  are  to 
come  under  our  consideration  :  the  accuracy  of  vision,  because  it  is 
not  only  the  measure  for  the  estimation  of  many  morbid  deviationSi 
but  ia  also  effectively  diminished  in  most  anomalies  of  refraction ; 
lessening  of  the  range  of  accommodation,  because,  although  no 

•s. 
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ttKMnalyj  it  leqaiiw  the  interforenoe  of  the  ocuUat.  We  shall  speak 
first  of  the  aocnncy  of  vision.   Lessening  of  the  fange  of  aocommo- 

dation  shall  be  the  subject  of  the  next  section. 

We  have  already  (p.  97)  seen,  that  the  determination  of 
the  state  of  refraction  must  go  hand-in-hand  with  that  of  the 
accuracy  of  vision.  We  there  became  acquainted  also  with  the 
teat-types  of  Dr.  Snellen,  the  utility  of  which  has  become  more  and 
mora  evident  to  me.  In  the  place  alluded  to>  I  have  also  illustiated 
by  eiamples,  how,  by  means  of  theses  the  accnraoy  of  vision  may  be 
detenmned.  The  general  f omnia  is  veij  simple.  The  letters  bear 
as  nnmber  the  distance  D,  at  whidi  they  exhibit  themselTes  onder 
mn  angle  of  6  ndnntes,  and  are  recognised  in  normal  accniacy  of 
vision.  If  we  now  determine  the  distance  d,  at  which  they  are  seen, 
we  £nd  the  accuracy  or  tkarpness  of  vision 


To  this  work  is  appended  a  table  of  Snellen's,  extending  from  XX  to 
C  C.  If  the  room  does  not  admit  of  making  the  examination  at  the 
distance  of  twenty  fioety  lower  numbers  most  be  added.*  In  order  to 
be  able  to  estimate  also  extiaordinanly  good  aocoraoy  of  yision,  it  is  de- 
sirable even,  that  the  nnmber  in  the  t^le  sbonld  go  somewhat  lower 
than  the  nnmber  of  feet,  at  which  the  observation  can  take  place. 

8=1  was  assumed  by  Snellen  as  sufficient  accuracy  of  vision.  This 
held  good  for  young  subjects.  It  was  to  be  anticipated,  and  indeed 
was  already  known  by  experience,  that  even  without  extraordinary 
defects,  the  accuracy  of  vision  at  a  certain  age  begins  to  diminish.  In 
order  to  be  able  to  use  it  as  a  standard  in  morbid  conditions^  it  was 
therefore  necessary  that  the  accuracy  of*  vision  proper  to  each  period  of 
life  shoold  beknown.  This  subject  has  been  recently  investigated  byone 
of  my  pupils,  Dr.yroesomdeHaan.t  8  was  determined  in  281  persons 
from  seven  to  eighty-two  years  of  age,  by  means  of  XX  of  Snellen. 

*  The  tables  arc  now  published  also  with  English  teats,  under  the  tide  ot 
Tttt-type*  for  the  DeterminaUon  of  the  Acuteness  of  VUion,  by  Dr.  Snellen. 
ThsM  an  to  he  had  from  Williams  and  Korgate,  in  London.  Thoee  with 
Fraaeh  text  may  be  proomed  from  Qermer-Baillidiei  ia  Paris ;  those  with 
German,  from  H.  Peters,  at  Berlin;  those  with  Italiaa,  at  Torin,  and  all 
Hieee,  with  the  l>atoh,aieto  he  had  togethsr  fromX.  Oieven,  BookeeUer, 
at  Utneht. 

The  publication  was  designed  for  the  beaefit  of  the  |fetherlande  Ophthal- 
auo  Hospital,  and  was  therefore  made  a  monopoly. 

f  OntUrzoekingen  naar  den  mvloed  fMm  der  le^yd  op  de  gesijftwcherpte. 
Diss,  inaug.    Utrecht,  ]»62. 
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Placed  at  first  at  too  great  a  distance,  the  persons  under  examination 
approaclied  until  they  correctly  indicated  V,  A,  C,  and  L.  These 
letters  are  the  most  easily  recognisable,  and  de  Haan  could  coufme 
himself  to  them,  because  he  usually  had  to  make  oa  each  persou 
only  one  good  trial,  and  therefore  needed  no  great  variety.  Subse- 
quently I  determined  the  relation  between  the  distinguishing  of  all  the 
ktten  adopted  by  Snellen  and  of  the  four  used  by  de  Haan,  found 
that  H  was  aaS :  6,  and  rednoed  accordingly  the S found  by  deHaan. 
It  is  to  be  found  l^os  reduoed  in  Fig.  97.   The  lengths  of  the  ordi- 


Fig.  97. 
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nates  represent  the  acuteness  of  vision  proper  to  the  subjacent  times 
of  life :  20  is  the  mean  of  from  15  to  25  years ;  80  that  of  from  25 
to  80,  etc.  The  yaloe  of  8  is  given  at  the  side  udtiO^d  signify- 
ing the  distamne  in  feet  at  which  XX  is  reoognised. 

Astigmatism  >  ^  and  ametropia  were  carefully  excluded — the 

latter  so  far  that  M  >  ^  and  manifioit  H  >      are  not  taken  in. 

At  an  advanced  period  of  life,  Rsz^^mBti^  admitted,  because 
it  may  in  great  part  be  considered  as  hypermetropia  acquisita.  In 
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each  case  the  ametropia  was  correetod  bj  a  glass  held  dose  befoie 
the  ejfo.  All  eyes  were  carefullj  exsmined  exteniaUy,  inanj  also 
with  the  ophthahnoeoope ;  all  without  exception  heisg  so  exammed 
in  referanoe  to  which  any  suspicion  of  anomaly  exirted.  If  the 
aligbtest  defect  were  fonnd,  they  were  excluded. 

In  the  first  place  it  was  ascertained,  that  the  individual  difference 
is  very  great.  Cases  occur  in  which,  alter  rtduclion,  S  =  I'O  to  1*7  ; 
in  youih  very  few  where  S  is  <  0*8.  With  this  great  individual 
difference,  it  is  not  to  be  wondered  at,  that  notwithstanding  a  rather 
eons&derable  number  of  observationfl^  the  line  drawn  for  the  averages 
«rf  each  year  of  lifi  makes  many  jumps.  It  is  not  until  calculations 
aie  made  for  eaeh  deoemiial  period  that  the  oours^  as  Fig.  97 
show^  heoomea  moie  legnlar?  Further,  we  see  that  at  the  thirtieth 
year,  8  ia  atfll  almost  unehanged;  thenceforward,  however,  it 
diminiBhes  rather  r^^ularly,  and  al  the  eightieth  year  has  de- 
scended to  about  one-half. 

The  degree  of  illumination  is,  iu  the  determination,  not  without 
induence.  In  order  roughly  to  estimate  thi^<,  in  his  observations 
made  on  different  days^  de  iiaan  each  time  determined  the  accuracy  * 
of  vision  in  himself,  and  found  the  limits  to  be  19'5  :  20  and  22*5  : 20. 
Aa  the  obaa?ataons  for  the  different  periods  of  life  were  divided 
tolerably  uniiinmlj  over  the  differences  in  illumination,  the  form 
of  the  line  of  enmtnre  was  not  perceptibly  altered  by  a  reduction 
to  vnifonn  ilhimination.  In  genenl,  in  the  expmmento  of  de  Haan, 
the  illumination  was  something  better  than  it  usually  is  in  the  ocu- 
list's study.  It  therefore  appears  that  Snellen  has,  for  practical  use, 
correctlv  selected  the  rule  as  S  =  1,  which  iu  de  llaau's  observa- 
tions  is  a  little  exceeded  for  young  eyes.  Snellen's  idea  is  this : 
that  when  in  youth  S  is  =  1,  we  have  no  reason  to  suppose  the 
existence  of  an  anomaly.  Moreover,  the  method  is  quite  satisfactory 
where  we  have  to  do  onlj  with  the  determination  of  the  relative 
aeounu^  of  vision. 

The  canae  of  the  diminution  of  the  accoiaqr  of  vision  with  in« 
cteaaing  age  rests  en  a  douhle  haaia:  it  ia,  on  the  one  hand,  to  be 
sought  in  the  media,  on  the  other,  in  the  apparatus  of  the  optic 

nerve.  The  first  gives  rise  to  less  accurate  images  on  the  perceptive 
layer  of  the  retina ;  the  second  renders  perception  and  conduction 
more  imperfect. 

As  to  the  media,  even  examinatiou  with  the  ophthalmoscope  iu 
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general  shows  that  with  the  increase  of  years  they  lose  the  gieSit 
transparency  and  homogeneousness  in  virtue  of  which  the  fundus  of 
the  young  eye  exhibits  itself  with  such  striking  clearness.  The 
cornea  indeed  changes  the  least,  if  we  exclude  the  arcus  senilis, 
which,  on  account  of  its  eccentric  position,  throws  but  little  diffused 
light  into  the  eye,  and  indeed  less  in  proportion  as  the  pupil  beconies 
narrower  in  advancing  years.    The  crystalline  lens,  on  the  contrary, 
by  degrees  reflects  much  more  light,  which,  thrown  anew  on  the 
anterior  surface  of  the  cornea,  returns  partly  into  the  eye :  on  focal 
illumination,  the  separation  of  its  sectors  becomes  more  distinct, 
its  irregular  astigmatism  increases,  the  polyopia  monocularis,  in 
imperfect  accommodation,  becomes  (notwithstanding  the  diminished 
diameter  of  the  pupil)  stronger  and  more  irregular,  the  colour  of 
the  crystalline  lens  is  yellower,  and  entoptic  investigation  exhibits, 
over  the  whole,  more  disturbance  of  homogeneousness.  The  vitreous 
humour  also  loses  some  of  its  perfect  clearness,  at  least  at  an 
advanced  period  of  life ;  it  becomes  richer  in  membranes  collecting 
into  folds,  in  corpuscles  and  filaments,  as  both  microscopic  and 
entoptic  investigations  have  proved  to  me  :  in  consequence  of  these 
we  have  an  increased  number  of  muscae  volitantes.    Finally,  the 
diminishing  transparency  of  the  retinal  layers  comes  under  notice. 
The  very  appearance  of  the  optic  nerve  proves  that  changes  of  its  fibres 
are  not  wanting.    However,  with  respect  to  direct  vision,  this  has, 
while  the  bulbs  of  the  fovea  centralis  lie  almost  naked  (compare 
p.  4),  but  little  importance.    The  senile  changes  of  the  apparatus  of 
the  optic  nerve  itself  have  been  but  little  investigated,  and  it  is  difficult 
to  estimate  their  influence.  The  best  knowTi  is  the  formation  of  vitreous 
elevations,  globules  and  groups  of  globules  (warty  granulation),  on 
the  anterior  surface  of  the  choroid,  in  connexion  with  the  limiting 
structureless  membrane  of  the  same.    The  formation  in  question  was 
observed  by  Wedl,*then  I  accurately  described  it,tand  discovered  and 
represented  the  intrusion  of  the  globules  with  pigment  into  the  locally 
atrophying  retina.  H.  Mueller}:  considers  these  formations  as  simple 
thickenings  of  the  structureless  limiting  membrane  of  the  choroid. 
The  function  of  the  retina  must  sufler  from  them ;  they  occur,  however, 
only  to  a  small  extent  in  the  region  of  the  yellow  spot,  and  scarcely 
before  the  sixtieth  year,  after  which  they  soon  become  constant 

•  Pathologische  Histoloyie.    Wien,  1853,  p.  330. 

t  Archiv  f.  Ophthalmologie,  B.  i.,  Abth.  2,  1854,  p.  107. 

I  Archiv  f.  Ophthalmuloyie^  1865,  B.  ii.,  Abth,  2,  p.  1. 
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Undoubtedly  other  leas  well-knowii  cbanges  in  the  retina,  in  the 

optic  nerve,  and  in  the  brain  itself,  come  under  obscnatiuii  as  causes 
of  diminished  acuteness  of  vision  at  an  advanced  period  of  life. 

All  the  foregoing  has  reference  to  direct  vision,  that  is,  to  vision  of 
fixed  objects.  Outside  the  fovea  centralis  the  acuteness  of  vision 
impidlj  diminishes.  Even  the  sozface^  which  at  the  same  time  is 
Men  with  petfeH  acuteness^  appesn  to  be  so  small,  that  its  image 
does  not  occapj  the  whole  fom  centralis.  The  dimination  of  ^ 
ieuteness  of  vision  in  the  parts  of  the  zetina  remote  from  the  yellow 
spot,  has  been  investigated  bj  Anbert  and  FSrster.*  At  a  certain 
angle  (12^5  to  20^),  they  found  that  acuteness  nearly  inversely 
proportional  to  the  angle  of  deviation ;  at  greater  angles  S  dimi- 
nished much  more  rapidly.  R-ither  strange  and  unexpected  is  the 
result,  that  smaller  letters  and  numbers  are  indirectly  distinguished 
under  lesser  angles  than  larger  ones :  in  other  words,  that  in  looking 
at  near  objects,  8  is,  in  the  peripheiic  parts  of  the  retina,  greater 
than  in  lookmg  at  some  distance. 

In  diffierani  morbid  states  the  acuteness  of  vision  dimmishes  b^  no 
means  in  equal  proportion,  in  direct  and  indirect  vision.  Not  un- 
freqnently  Uie  distnrbenoe  is  oonfined  to  the  region  of  the  yellow 
spot,  with  perfectly  normal  S  in  the  peripheric  parts  of  the  retina  ; 
in  other  cases  indirect  vision  alone  has  suffered,  and  even  in  the 
periphery  limitation  of  the  visual  field  may  occur,  without  direct 
vision  having  suffered.  It  is  therefore  of  much  importance  to  have 
formed  an  opinion  also  as  to  the  accuracy  of  vision  in  the  lateral  parts. 
Por  practical  purposes  the  observer  possesses  the  power  of  comparison 
with  his  own  normal  eye.  On  closing  one  eye,  the  observed  eye 
looks  to  the  left  and  the  observing  eye  to  the  right, 
at  each  other,  and  takuag  csie  that  the  observed  eje  does  not  de- 
viate, the  observer  now  exhibits,  about  in  the  plane  which  is  perpen- 
dicular to  the  visual  lines,  in  the  middle  between  the  observing  and 
the  observed  eye,  different  objects — his  fingers,  cut-out  letters  and 
numbers,  &c. — and  thus  by  comparison  in  corresponding  parts,  he 
soon  estimates  the  degree  of  disturbance  in  the  periphery  of 
the  retina.  In  order  to  obtain  accurate  knowledge,  we  should  be 
able  to  follow  the  method  of  Anbert  and  Forster  (I,  c.).-»Limita- 
tion  of  the  field  of  vision  is  determined  by  ppqjeotion  on  a  sheet 

*  ArMff,  Oph^htOm^  B.  III.,  Abth.  2,  p.  1. 
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of  blue  or  hbxk  paper,  as  shall  be  more  follj  described  in  treatiiig 
o£  M. 


In  the  fongoing*  the  method  was  atated  of  detenuning  tha  a.oaienew  of 

•wuimk  in  praetieal  purpouB,  The  Ibnniila  6^  s  ^  girea,  boweTer,  neither 

the  absolute  measure  of  the  distinguishing  power  of  the  retina,  nor  mntuallj 
oomparable  relatiTe  Talnea.  The  abaohite  tneaaine  ire  ahatt  learn  inune- 
diately,  when  m  eome  to  speak  ef  the  detenaisation  of  the  nonteneas  dt 
▼iaion  aa  a  phynologkiU  vahm.  That  the  lelatiye  Yaloea  aie  net  oompanhle^ 
Snellen  {L  e.)  haa  already  oheerYed.  If  an  image  haa  double  the  magni- 
tude, it  has  not  at  the  aame  time  donUe  distinctneaa.  This  we  should  be 
allowed  to  infer  only  in  case  the  aoutcness  of  Tision  was  equal  over  t  he  whole 
retina,  in  case  the  larger  letter,  used  for  testing  diminished     was  at  the 
samo  moment  equally  accurately  seen  by  the  normal  eye  in  all  its  parts.  This, 
however,  is  not  so.    Therefore,  also,  when  the  image  must  have  double  the 
magnitude  to  be  recognised,  we  cannot  say  that  the  acuteness  of  vision  is 
really  reduced  to  half.    Perhaps  it  would  be  correct  to  assume  that 
the  acuteness  of  vision  is  inversely  proportional  to  the  number  of  percipient 
retinal  elementa  which  are  required,  in  a  linear  dimension,  to  the  distioguiab- 
ing  of  the  image.  Bot,  on  the  one  hand,  this  prejudges  the  queation,  whether 
the  aeenraaj  of  Tiaion  diminfahiiig  towarda  the  periphery  dependa  aeliially 
the  gieater  diatanoe  fiom  one  another  of  the  aereral  peroipient  elementa ;  and, 
in  the  second  plaoe,  the  principle  ooidd  not  be  praetieally  applied,  in  oonae- 
quenoe  of  the  difficulty  of  determining  the  number  of  pereqdent  elements. 
Henoe  the  method  adopted  appears  to  me  to  be  the  only  one  available.  The 
objection  we  made,  based  upon  the  unequal  valne  of  the  parts  of  the  retina, 
on  which  a  larger  image  is  formed,  is  in  great  part  got  rid  of  when  we 
consider  that  this  larger  image  is  not  seen  with  ininiuvable  eyes  fixed  upon 
one  point,  but  is  insi>ected  consecutively  in  its  diUVrcnt  parts  by  the  fovea 
centralis :  the  different  impressions  thus  received  by  the  most  acutely 
seeing  part  of  the  retina  are  then  combined,  in  order  thence  to  deduce  an 
idea  of  the  form  <tf  the  whole.  The  physiological  valne  of  the  aenteneaa  of 
vinon  haing  an  angnlar  diatanoe»  it  ia  evident  that  the  valnea  of  i9  are  to  be 
ealealatad  aa  inveiaely  proportional  to  the  linear  dimenaiena  of  the  imagea  xe- 
qoiied  for  the  diatinetion,  and,  oonaeqnently,  to  the  aqnarea  of  their  aopeifieiea. 

In  all  times  letters  and  numbers  have  been  prefBrentially  employed  by 
ophthalmologiata  in  the  investigation  of  the  power  of  vision.  A  regular 
ayatem  was,  however,  for  a  long  time  wanting.  Stellwag  von  Canon*  pro- 
poeed  very  useful  letter-tests,  on  a  good  principle.   Smee,t  too,  in  hia  often- 

•  Die  Accommudatiomftihkr  des  Aut/es,  in  !Sitzungaherichte  tier  kmscr- 
lichm  Ahademie  der  WUieiuchq/ten,  Matliem.  natnrw.  Klasse.  B.  xvi., 
p.  187. 

f  The  Eye  in  JleaUk  and  in  Disease,  p.  70.  London,  18M. 
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quoted  work,  adopted  a  series  of  letter-tests.  Ed.  von  Jaeger*  conceived 
that  the  ophthalmologist  needs  tests  on  a  greater  scale,  and  his  well-known 
X^sej/roben,  although  not  based  upon  correct  principles,  were  soon  gene- 
imlly  adopted.  But  the  need  of  a  better  system,  which  should  admit  of 
tibo  MotaneM  of  tumni  being  expresied  by  a  niUBber,  was  itill  gtnerally  felt, 
ud  Br.  SneUeii  has  the  merit  of  lumag  rapplied  thia  want  Keitber  baa 
Oimad^Tenkni  been  behindhawl.  He,  led  ^  about  the  same  lefleetioiia, 
hmm  deriaed  a  nmilar  systeia,  wbieh  be  ktely  laid  before  the  Ophthalmo- 
io^oal  Congress  at  Paris. 

In  contrast  to  this  determination  of  8,  suitable  for  practical  purposes,  I 
mboive  placed  the  determination  of  iS  as  a  physiological  value.    In  the  lirst. 
place,  the  smallest  angle  under  which  the  presence  of  any  object  is  still  re- 
cognised, has  been  adopted  as  such.  Thus,  as  I'urtonf  already  remarked,  and 
as  haa  api>eared  most  evidently  from  the  determinations  of  Ilarting,!  this 
smallest  angle  is  determined  by  the  illumination.    To  illuminated  points  on 
a.  dark  ground  there  are  scarcely  boundaries.  Small  as  such  a  point  may  be,  iia 
image  has,  on  aoooaat  of  the  imperfeetion  of  the  dioptric  system  of  the  eye,  a 
eatteiD  ezteat ;  and  the  qinafcii»i  is  now  only  whether  thia  piodaoes,  on  one  or 
nofo  peroifMnt  fetinal  elements^  a  diibrenee     to  ^)  of  iUnninatioa  from 
tho  others  snUbrient  to  be  distingnished.  Small  dark  pointa  diappear,  on  the 
•ontraiyt  TSiy  rapidly  through  irradiation  on  a  bright  ground,  precisely 
because  the  difference  of  illumination  of  certain  pernpient  elements  thereby 
baoomes  lees,  and,  if  the  illumination  is  very  strong,  relatively  much  less 
perceptible.    The  question  as  to  the  smallest  angle  under  which  any  object 
is  still  to  be  seen,  is  thus  governed  completely  by  the  degree  of  illumination, 
and  in  a  physiological  point  of  view  it  has  therefore  no  meaning.    It  is  a 
very  different  thing  to  determine  the  influence  of  the  illumination  on  the 
indistinctness  of  objects,  with  which  Jurin§  and  Job.   Mayer  j|  already 
commenced.   Not  is  the  investigation  with  a  de&nite  illumination  devoid 
of  importanee  in  a  practical  point  of  Yiew(miflroseopioBl  ittTestigatiou),  from 
•which  Yiew  Harting  (I.e.)  e^jpeoially  has  worked  it 

JTha  llniezaot  appreciation  of  the  physiologiealqnestioii  we  find  in  Hooke's 
werlcf  He  inrestigatss  the  angular  distance  required  to  observe  two  fixed 
stars  separalelyf  and  he  found  that,  among  a  hundred  persons,  scarcely  one 
is  in  a  position  to  distinguish  the  two  stars,  when  the  apparent  distance  is 
itss  than  00  seconds.  Subsequently,  similar  investigations  were  carried 
on  by  Mayer,**  and  in  our  own  time  by  Volkmann,tt  Harting,  tt 

*  UlAer  Staar  und  StaaroperaUonen,  etc   Wiea»  18S4*   The  tests  ap- 
peuded  wars  sab»e<^uentiv  published  separately, 
t  ffiMre  nalureUe.   T.  lU.,  pi  323.  Ptois,  1749. 

D.  I.,  p.  87.  Utieoht,  1848. 

9  Buay  on  Th'uftnct  and  Indiadnct  KiMon,  17*18. 
'  Comment.  Ooctfiruf.  iv.  1754. 

\  Ilooko,  Pottthti  molts  Tl'orl'x,  170.1.        ••  Comment,  ft  netting,  iv.  1751. 
+t  Art.  ISvhcn,  in  Wagner's   JIandtcorterbuch  der  I'/if/.sio(o(/{t;  Brauu- 
schweig,  lii46.  111.,  pp.  aai,  335.  tt  /.  c,  pp.  UT  et  seq. 
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Weber,'  Bergmannf  and  IIeliiiholtz,t  for  the  most  part  with  parallel  lines 
or  with  gauze.    It  is  evident  that,  for  two  minute  points  of  light  to  be 
seen  separately,  the  centres  of  their  images  must  lie  farther  (about  one  and 
a-half  times)  from  one  another  than  the  breadth  of  a  percipient  n^au^ 
•laiiitiit:  if  the  Mid  oentnt  liiU  tt  boCk  iidit  pfedialy  on  tha  boondirict 
of  tho  Mme  oleiiMiiti  thii  middlo  okmont  ikno  will  then  looei'vo  is  mnoh 
li^t  ti  tho  two  ■4joiiiing  elemenU  togeUior,  while,  in  oidor  to  MO 
rate  pointi,  a  len  iUnmineted  point  nmit  remain  between  two  more  iOnmi- 
nated  points.  In  using  stnpee  end  wine,  not  only  the  interspaoes,  but  also 
the  thickness  of  the  stripes  or  wires  come  under  oiHisideration,  and  in  the 
eeloulation  Uelmholti  has  therefore  (/.  c.  p.  218)  assumed  the  angle,  oor- 
respondin;:?  to  the  sura  of  a  line  and  an  interspace — that  is,  to  the  distances  of 
the  central  |)oints  of  the  two  adjoining  objects  :  the  retinal  elements  must 
then,  at  least,  be  less  than  the  retinal  images  corresponding  to  this  angle. 
Harting  and  Bergmann  have  some  measurements  in  which  the  an^'lc  thus 
calculated  is  less  than  GO  seconds.    Almost  invariably,  however,  it  amounts 
to  from  60  to  90  seconds.    By  using  the  extremely  thin  oobweb  filaments, 
the  angle  In  Herting's  esperimente  piofed  mneh  gieeter  (2  to  8  minntes) 
than  when  metellie  gmue  with  thieker  fiUunenta  wee  employed.   To  this 
euiie,  no  doubt,  it  is  also  to  be  attributed  that  Tolkmann,  who  made  ose  of 
oobweb  filaments,  fbnnd  partienlarly  lugb  Talues.  The  eones  in  the  foyea 
centralis  have,  according  to  Scbnltsel,  when  shrivelled,  a  thickness  of 
0.002  —  0.0025,  in  the  recent  state  probably  of  0.0028  mm.  at  the  basis ; 
according  to  H.  Mueller    of  0.0025  —  0.003.    An  angle  of  60  seconds  gives 
a  retinal  image  of  0.00438.    This  is  equivalent  to  the  thickness  of  one  and 
a-half  rods,  and  therefore  completely  confirms,  in  connexion  with  what  has 
been  above  remarked,  the  hypothesis  from  which  wc  started,  that  each 
cone  of  the  fovea  centralis  can  separately  project  the  received  impression  ; 
the  peculiar  undulating  curves,  too,  represented  by  straight  lines,  before 
becoming  accurately  recognisable^H  are  explicable  from  this  hypothesis. 
Hence  it  follows  also  that  eaekoone  has  its  distinct  nerve-fibte.  * 
For  praotieal  use  in  those  labouring  under  affeetions  of  the  eyes^  ^ 
method  bete  laid  down  §m  physiologioal  oljeets  is  not  applicable.  In 
praotioe  it  is  absolutely  required  that  the  person  examined  should  gifo  a 
proof  that  he  aetually  distinguishes,  as  is  done  by  the  naming  of  known 
figures,  letters,  nnmben,  etc.    I  formerly  endeaTOured  to  attain  my  object 
in  this  respect  by  cnusing  the  patient  to  determine  what  direction  the 
stripes  had  on  a  card,  which  was  turned,  behind  the  opening  of  a  diaphragm, 
around  its  centre.    The  distance  at  wliicli  the  determination  was  every 
time  effected  with  precision  should,  as  I  supposed,  present  a  very  simple 
measure  of  the  accuracy  of  vision.    It  appeared,  however,  that  the  inclina- 

•  rerhamO.  dtr  8aeh$.  OutOteh.  1852.  p.  145. 
\  ZeUuchr^f.raLMtimn.  8t  seris.  IL,  p.  88. 

I  I.  c,  p.  217. 

)  SitzungsherichU  der  ntederrh.  Grsellsch.  in  Bonn.   1861,  p.  97. 

II  Naturwiss.  Zeitschrift,  B.  11,  p.  217.    Wilrzbuig,  1861. 
\  Compare  HelmholU,  L  c,  p.  217,  Fig.  102. 
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tion  of  the  lines  liad  a  giMft  and  insuperaUe  inflaence  on  the  distinetiMW 
of  their  direction,  a  ImI  undoubtedly  connected  with  im^fuUur  aitigniap 
This  (nroanutaooe  rendered  the  method  aicloMi 


The  cause  of  the  diminution  of  5  with  the  advance  of  years,  we  have 
sought  partly  in  increasing  imperfection  of  the  dioptric  system.  "We  have 
spoken  of  the  entoptic  method  of  becoming  acquainted  with  the  changes 
occurring  therein.  Of  this  method  and  its  results  it  is  the  more  important 
that  we  should  here  speak,  because  in  treating  of  the  morbid  changes  of 
the  fitreooi  hnnioiir,  genaectBd  with  axtnaie  degrees  of  myopia,  wo  miut 
again  ipeoiaUy  lorort  to  it  Tho  inapootion  of  ol^jooti  odsting  in  oar  ^o 
W9  oaU  miiopiie  oUtrvaUm  (lasting).  In  oidinaiy  Tision,  onlj  f^MOintties 
whidi  lie  olose  in  front  of  the  xetina  oan  throw  oimmseiihed  shadows  on 
ttat  membrane.  Under  oeitain  oircumstanoos,  however,  imgiilaritiss 
lonote  from  the  retina  become  definitely  perceptible.  This  ooonrs,  when 
homocentric,  and  especially  nearly  parallel  light»  passes  throogh  the 
vitreous  humour.  Such  light  we  ob- 
tain when,  in  (Fig.  98),  about  13  Fig.  98. 
mm.  from  the  cornea,  a  very  small 
source  of  light  exists,  a  dioptric  or 
catoptric  image,  or  simply  a  very  small 
opening  (of  aboni  0*1  mm.)  turned 
towaids  tiie  light:  throngh  tlie  roond 
pii[nl  rays  penetrate,  whieh  fonn  a 
oylindrieal  and  snfleiently  homoeentrie 
handle  of  light  in  the  Titroons  hnmoor, 

and  cause  an  object  B,  to  throw  a  shadow  /3,  upon  the  retina.  Thus, 
if  we  hold  before  the  eye,  at  a  distance  of  about  13  mm.,  a  thin  black 
metal  plate,  furnished  with  a  small  opening?  of  0-1  mm.,  and  if  we  look 
through  tliis  opening  towards  the  bright  sky  or  the  globe  of  a  lamp,  or  if  we 
cause  the  dioptric  image  of  a  flame  to  fall  into  the  opening,  the  retina  re- 
ceives a  circle  of  light  of  the  form,  and  of  about  the  magnitude  of  the  pupil, 
without  inversion,  and  therefore  inversely  projected,  on  which  all  irregu- 
larities are  represented.  Partionlarly  shadows  which  are  formed,  but  also 
diftaolioo4iaee  are  to  he  seen  i^hereon,  and  the  eifeot  of  the  refraotion  of 
Ught  by  seese  eorpaseles  is  also  not  to  he  mistaken.  Wo  osn  distingoish ; 

1.  The  mtieo4sdbfyiiM/^pe0lnim,  dependent  on  tears,  maoas»  Ihl  ^oholee 
and  hnbUea  of  air,  moring  on  the  eomea;  on  the  edgee  of  the  eyelids 
poshed  before  the  papil,  whose  lashes  are  also  aooarately  ropresontod,  wo 
see  stripes,  dependent  on  the  layer  of  moistaie. 

2.  The  gpeetrum  of  the  n'treout  humour. — Pa  iiculorly  for  tho  parts 
situated  closf-r  to  the  retina,  the  light  needs  less  to  be  homocentric,  and  it  is 
therefore  advantageous,  in  order  to  be  less  disturbed  by  the  spectrum  of  the 
crystalline  lens  (see  3),  to  take  a  somewhat  larger  opening.  On  an  extremely 
finely  granular  ground  (optical  efieot  of  the  granular  layers  of  the  retina 
on  tiie  layer  of  rods  P)  every  one  sees  with  the  greatest  distinotness  the 
movahls  uMisetf  ooiBlBwIis.  Wo  distinaidBha  a.  Jmhtorf  UtUt  rirofai-  some 
with  darky  others  with  pslo  eonfeoon  ud  brigjit  in  the  eentn^  mostly 
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rounded  with  a  slender  ring,  from  }~  to       mm.  in  diatn*  u  i ,  troiu  ~  to 

3  or  4  mm.  from  the  reiiiMu  Ihey  appear  particularly,  and,  it  wooH 
teem,  from  the  under  side,  on  a  rapid  movement  of  the  eye  from  beneath 
upwards  interrupted  by  a  sudden  arrest,  and  they  then  again  slowly  de- 
.veerul  :  in  the  horizontal  direction  they  have  little,  in  the  vertical  they  have 
1 1  mm.  or  more  mobility,  and  alter  but  little  ihiir  distance  from  the  retina. 

b.  Pearly  strinfft,  from  1  to  4  mm.  in  length,  by  from  ^  to        mm.  ia 

Ureadth,  the  slighteal  eloae  io,  the  htoadettand  daikest  mora  ramota  fitaai> 
the  ntiiia,  all  aeeoRing  at  from  |  to  8  mm.  diitanee  from  thia  mernhfana. 
In  the  at^  of  laat  the  saM  pearly  itiing  haa  fior  aoTanteoi  yeata  alwija 
eriitedi  nnehaaged  in  form  neariy  in  the  ^laiml  line  of  my  right  eye.  Thamoat 

of  them  are,  however,  in  rest,  retVMted  npwarda  (apparently  downwards),  in 
order  with  the  above-deaeiibed  movement  to  appear  ag^n,  twiatii^  iu  voriona 

modes,  c,  Ooktrtnt  group$  o  f  littlt  circlet  of  various  sizeSf  some  pale^  tome 
darker,  more  opaque  than  the  other  forms :  these  are,  in  ordinart/  n'ston, 
Hsualfi/  ohserred  as  musca-  volitantes.  Many  are  connected  with  short  i>earlT 
btrings,  and  move  with  these ;  some  have  the  appearance  of  convoluted 
pearly  strings,  d.  Plaits,  under  the  form  of  bright  little  bands,  bounded  by 
two  rather  dark,  but  not  accurately  marked,  lines.  They  exhibit  themselves 
aither  aa  twiited  fibres,  or  as  parallel  little  hands,  oonneoted  to  one  another 
in  some  inTisiUe  mode,  or  as  an  irregularly  roUed-npmembiane  of  eonatant 
form.  They  hoTer  and  more  ehiefly  in  a  yeitioal  plane,  at  from  2  to  4  mm. 
from  the  retina.  Besides  this  form,  extended  membranea  oeenr,  eome 
sttoated  elose  behind  the  lens,  with  plaite»  whieh  attain  a  breadth  of 

JLmm.,  some  removed  only  from  2  to  4  mm.  from  the  retina,  with  slighter 

plaits  of  JL  mm,  while  at  a  distanoe  of  from  4  to  10  mm.  frimi  the  retina, 

none  whatever  are  met  with.   They  appiar  wlien  the  visual  axis  is  moved 
to  the  side,  but  especially  on  a  powerful,  suddenly-interrupted,  movement 
from  above  downwards.    Hereupon  the  membranes  situated  close  behind 
the  lens  apparently  lise  npwards,  while,  on  the  oontrary,  those  sitoaftsd 
sear  the  retlaa  desoend,  so  that  in  the  viAal  azia  they  pass  one  another. 
Bat  we  now  often  see  the  plaited  membranea  beoome  more  and  more  indis- 
tinoti  withont  ita  being  evident  that  they  leeeda  from  the  field  of  visioii, 
and  yet,  on  sepeating  the  movement,  they  each  time  appear  afresh  dis- 
tanotly.  Henee  liiiUaws  what  oa'aaearate  atndy  is  more  fully  oonfirmed, 
that  these  membranes  have  only  apparently  an  extensive  motion,  and  that 
what,  on  superficial  in  pection,  wc  should  be  inclined  to  look  upon  as  a 
movement  of  the  whole  membrane,  is  merely  the  continuation  of  the  folds, 
which  on  motion  are  formed  at  the  periphery,  and  towards  the  extremity 
of  the  membranes  lose  their  defined  form.    The  cause  of  the  difference 
in  direction,  iu  which  the  movement  of  the  membranes  and  the  propagation 
of  the  folds  take  place,  is  to  be  aenghC  in  the  fact  of  location,  in  front  of  or 
behind,  the  eentia  of  motion.— If  we  look  with  the  pupil  artifloially  dihted, 
or  hold  the  illnminating  point  elose  befim  the  eye,  so  that  we  can  see  tok^ 
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ably  well  at  the  side  of  the  visual  line,  wo  observe  that,  particularly  on 
powerful  lateral,  suddenly  interrupted  movements,  still  more  membranes 
appear  tolerably  close  behind  the  lens,  which  rarely  extend  to  the  visual 
line,  and  here  terminate  with  irregular  points,  sometimes  torn  off  in  raye. 
The^  membranes  increase  and  become  less  transparent  in  advanced  ii/e, 
especially  where  myopia  exists. 

Having,  in  the  manner  to  be  stated  herealler,  determined  the  position  in 
depth  of  these  different  forms,  I  succeeded  in  finding,  on  microscopic  exami- 
nation, with  Professor  Jansen  (AVrf.  Lancet,  2''*  Serie,  I).  11,  1843),  some, 
aod  subsequently  with  Dr.  Doncan,  all  forms  in  the  vitreotM  hMMur  of  the 
human  eye.  In  the  investigation  the  vitreous  humour  was  l#A«ft!feHwl  with 
the  hyaloid  membrane  uninjured  to  a  hollow  glass;  the  vitteemi  l^nnwtir 
soon  becomes  flat,  and  viewing  it  from  different  sides,  we  can,  ^  itii  toltfcHibly 
strong  lenies,  search  it  all.  Of  the  muscao  volitantes,  which  every  aim  ©an 
see  entoptically  in  himself,  I  have  not  here  reproduced  the  representations. 
They  are  microscopically  perceptible  in  the  vitreous  humour :  a,  pale  cells, 
and  debris  of  cells  in  a  state  of  mucine- metamorphosis  (Fig.  99  a,  close  to 
the  visual  axis  in  the  posterior  part  of  the  vitreous  humour ;  6,  more  laterally 
in  the  vitreous  humour).  These  correspond  to  the  isolated  circles  described  . 
under  a.  fi.  Fibres  furnished  with  granules  (Fig.  100),  corresponding  to  the 
pearly  strings ;  we  found  them  less  generally  than  the  large  number  of 
those  strings  should  have  led  us  to  suppose,  y.  Groups  of  granules  with 
adherent  granular  fibres  (Fig.  101),  corresponding  to  the  groups  described 
under  c.  h.  (Fig.  102)  membranes,  situated  chiefiy  to  the  side,  close  behind 


Fig.  100. 
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the  lens,  numeroua  in  the  Titreooa  humotin  of  old  persons,  corresponding  to 
those  described  under  d. 

3.  The  spectrum  of  the  crystalline  lent. — For  observing  this,  more  per- 
fectly homooentric  light,  and  therefore  a  very  small  opening,  is  necessary. 
The  whole  circle  is  then  less  illuminated,  and  covered,  as  it  were,  with  a 
crape  '^Fig.  103,  my  right  crystalline  lens  in  mydriasis).    We  find  here  :  a. 


Tiq.  103 


Pearl-spots,  tolerably  round  disks  with  accurately  circumscribed  darker 
margins,  but  brighter  Eternally,  nearly  universally  occurring  in  every  eye  ; 
the  majority  are  situated  tolerably  close  to  the  surface  of  the  crystalline  lens, 
in  great  part  eccentrically  placed,  and  therefore  appearing  only  when  the 
pupil  is  artificially  dilated.  Examining  at  different  times,  I  on  each  occasion 
found  others;  they  may  be  developed  in  a  few  days,  and  sometimes  continue  a 
year  or  longer ;  in  general  their  number  increases  with  the  advance  of  years. 
They  are  microscopically  visible  as  large  globules  among  the  superficial  fibres 
of  the  lens,  which  they,  as  it  were,  push  out  from  one  another,  b.  Black,  or 
rather  opaque  spots,  usually  round,  but  sometimes  of  irregularly  angular,  or 
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•UoBf  faim,  not  m  oommoii  m  M  pearlpfpota.  I  bsra  alio  leen  tiMm,  on 
mkRMeopie  axminatioB,  nthir  topwAdally,  m  «]iite»  gnnuUr,  optque  eor- 
piMoIwi,  dnost  always  in  the  boundaries  of  the  aeoton  of  the  orjstalline  lens. 
TImj  appetved  not  to  be  difeadent  on  fatty  metamocpbons.  c.  A  radiated 
figure,  more  or  less  regular,  nanaUy  with  ramifications  proceeding  about  from 
the  centre  ;  the  rays  exhibit  themselves,  sometimes  as  black,  but  ordinarily 
as  whito  lines  with  dark  boundaries.  If  we  remove  the  point  of  light  from 
the  eye,  these  lines  pass  into  the  well-known  rays,  exhibited  by  a  star 
or  point  of  light,  for  which  the  eye  is  not  accommodated,  and  these  cor- 
respond again  to  the  manifold  images,  under  which  a  point,  for  example, 
a  liae  white  granule  (sueh  ae  of  white-lead  aoraped  off  a  Tinttag  card), 
appean  withia  the  booada  of  diatiaei  Tinon  apoa  a  darker  gionad  (for 
example,  on  Uaek  relret).  These  pheaomeaa  are  oooaeetod  with  the  eom- 
poaitioa  of  the  leaa  of  ao-oaUed  aeetota,  whieh,  aa  Hebalidlla  ehowed,  eaa 
be  very  well  aeea  with  the  magaiiying^laaa,  with  lateral  focal  iUamination, 
in  the  living  eye.  All  these  trregularities  of  the  Um  increau  with  tkt 
time  of  life,  and  partly  explain  the  dinUnUhed  actUenens  of  visum. 

Of  all  the  entoptic  objects  observed,  we  can  easily  determine  the  position 
in  point  of  depth,  according  to  a  method,  to  which  I  was  led  by  those  of  Sir 
David  Brewster  and  of  Listing.  Instead  of  looking  through  one,  we  look 
through  two  openings  of  01  mm.,  placed  at  from  2*5  to  3  mm.  from  each 
other.  Two  cylinders  of  light  (Fig.  104,  a  a\  b  b',  and  c&f  d  </'),  each  in  itself 
bomoeeDtrio,  then  penetrate  the  eye,  under  auoh  an  angle,  that  the  cirdee  of 
wbioh  «'i^Mide'<f^aiatiiadiaawl8ii,oatbexettaaoov«roBAaaothw 
bj  haH  We  tbarafoM  see  them  aa  Fig.  106.  la  eaeh  oinle  the  eatoptio 


Fig.  104. 
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Bpeotm  tie  wm  to  be  loea*  From  e  point  1,  ritoated  ia  the  plane  of  the 
pupil  it,  tlie  two  mtoptie  ihadowa  lie  pnoiMly  in  the  auddle  of  the  two 
eixeles,  in  the  eirde  a'  b\  at  if,  in  theeirde  i^d%  at  ^,  and  theiefoie  pmieeljr 
as  fiur  horn  one  another  ai  the  oentret  of  the  oirolee  themeelTea :  fixr  eaeh 
other  point,  situated  in  the  plane  of  the  pupil,  the  mntnal  dlstanoe  of  the 
two  entoptie  ehadows,  although  now  falling  in  other  parts  of  the  eiielee,  is 
of  course  equal.  On  the  contrary  for  a  point  2,  situated  in  the  cornea,  they 
fall  farther  from  one  another,  as  2'  and  2' ;  for  a  point  3,  situated  behind  the 
I)lane  of  the  pupil,  they  fall  closer  to  one  another,  as  3'  and  3',  as  the  lines 
drawn  from  these  points,  parallel  to  the  rays  of  the  two  cylinders,  signify. 
We  now  see  also,  without  further  demonstration,  that  the  distance,  «f,  of  the 
double  shadows,  is  in  the  same  proportion  to  the  distance  D'  of  the  entoptie 
objeota  from  the  retina,  aa  the  mntoal  diitanoe  d  of  the  oentiet  of  the  two 
eirdeiy  tothedlitaaoe  2>ikoaitiie  plane  of  the  pupil  to  the  xetina  a  from  18 
to  19  mm.  We  have  therelhie  only  to  picjeot  the  mntnal  distance  lief  the 
twoeentne  (stiie  hnadth  of  the  nnooverad  part  of  the  eiioks),  and  that  of 
the  double  ohadowi,  <f ,  of  any  ohjeot,  in  order  to  find  for  tlie  aame  oljeot,  ae 

d  ic  19 

distance  from  the  retina,  2y=  — ^ — . 

The  moasurement  of  the  projected  images  is  most  easily  effected  by 
the  method  a  double  vue,  in  use  in  micrometry  :  looking  through  the  two 
small  openings  (which  may  for  that  purpose  occupy  the  place  of  the  object- 
glass  in  a  mioroscope-frame)  downwards  on  a  mirror  reliecting  the  light, 
we  can  with  the  other  eye  project  and  measure  the  form*  on  an  adjoining 
sheet  of  white  paper.  In  this  manner  the  diatanoes  stated  above  were 
determined.  In  Fig.  105  we  see,  in  the  two  eirolee  of  lighti  half  covering 
each  other,  as  e'and  6^,  the  centres ;  as  1',  1',  the  donble  images  of  themneo- 
lachrymal  spectrum ;  as  2',  2',  those  of  pearl-spots ;  as  3',  3',  those  of  dark 
spots  of  the  lens ;  as  4',  4',  those  of  the  anterior,  as  5',  5',  those  of  the  posterior 
folds ;  as  6',  6',  and  as  7,  8,  9  and  10,  those  of  smaller  and  smaller  pearly 
strings;  as  11  those  of  greater,  as  12  those  of  smaller,  isolated  circles. 
Taking  into  account  the  distance  at  which  we  project,  we  also  find  easily 
the  magnitude  of  the  shadows,  which,  both  on  account  of  the  diffraction- 
lines  and  of  the  im{)erieot  homooentrioity  of  the  light,  prove  somewhat 
larger  than  the  objects. 

In  oonolusion,  a  word  respecting  the  history  of  our  knowledge  of  entoptie 
phenomena.  Dcdhales  (CWrtiis  s.  Jfuniliia  Maih&maUem,  Lugduni,  1690, 
T.  III.,  pp.  393,  898,  ete.),  a  Jesuit  of  the  17th  centniy,  saw,  as  being 
highly  mycfici  his  entoptio  speotmm  in  the  circle  of  diifaBion  of  remote 
points  of  light,  and  comprehended  and  described  what  he  saw.  He  showed, 
on  oorrect  principles,  that  musco  volitantes,  observed  during  ordinary 
vision,  must  depend  either  on  corpuscles  situated  near  the  retina,  or.  on 
morbid  parts  of  the  retina  itself.  The  observation  of  the  true  motion  of 
muscic  volitantes  by  Andrea)  (Graefe's  und  von  Walther's  Journal  der  Chir. 
und  AnyenheUkHtide,  vol.  viii.,  S.  16,  1825),  Pr^vots  {Mem.  de  l<t  Soc.  de 
Phys.  et  d'lli'st.  Naturelle  de  Geneve^  1832,  p.  244),  Sottcau  (Ann.  tt  Bull, 
de  la  Societe  de  Mid.  de  Gand,  voL  xLlivr.  9, 1842), and  others,  should  have 
been  suffioient  to  solve  the  dilemma  raised  by  Dechales;  but,  neverthe- 
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loB,  the  truths  aiid  errors,  taught  by  Morgagni  (^/(/rers^rtVi  Anatomica,  vi., 
Ami.  Ixzv.  p.  94,  Lugd.  BataT.  1728),  were  perpetually  repeated.  Since  1 760, 
•a  we  tead  u  MMkeniie  {EtMwfk  Med,  mtd  Surgieml  Jourtutl,  July,  1845), 
obeerveit  had  begim  to  study  the  anaen  Tolitaatea  1m<1i  thimigli  a  mall 

gave  a  ▼any  eredi* 

table  dceeiiptton  of  the  Mtieo4aeliryinal  speotram  dbeerved  in  thia  maimer, 

mod  of  that  of  the  vitreous  humour,  but  without  making  use  of  Brcwetol'a 
method  of  determining  the  distance  from  the  retina.  iSir  David  Brewster 
had  prerionsly,  however  {Transactions  of  the  llitynl  Socictt/  of  Edinburgh^ 
vol.  XV.  p.  374),  by  using  two  points  of  lif^lit  (the  dioptric  images  of  two 
flames,  towards  which  he  looked  through  a  powerful  dioptric  system),  as  an 
experimentuni  ci  Hcit,  doubled  the  shadows,  and  thus  given  a  direct  proof  of 
the  position  of  the  objects  in  the  vitreous  humour  producing  rauacoe  voli- 
tantes,and  even  made  a  calculation  of  the  position  of  one  of  his  musctu  voli-  ^ 
tantM.  Tfaia  was  ftUowed  by  tba  trealiae  of  ligting  {Beitrag  zur  physiokh 
ijiscken  OpUk,  OdMangea  1846),  wbo  fully  doraloped  tiie  tbeory,  diaeorered 
tho  q^eotroB  of  llw  otyalalliiie  leiia,  aad  dedaeed  tlM 
tbocyefronitlwirpaiallazintbeiiiotioiiaof  tbeeye:  thoa,  aa  ia  eaaily  oon- 
eeiTodftiieahadowsof  oorpoacles,  situated  in  the  plane  of  the  pupil,  on  mo?o- 
ment  of  the  visual  line,  maintain  their  place  in  the  circle  of  light,  while  those 
in  front  of  that  plane  theronpon  exhibit  a  positive,  those  behind  it,  a  negative 
pavallax,  which  parallax  is  greater  as  the  distance  from  the  plane  in  question 
is  greater.  Listing's  method  is  not  very  applicable  to  movable  corpuscles. 
That  of  Ikewster  presented  difliculties  in  the  projection,  and  the  calculation 
was  uncertain  and  troublesome,  until  1  pointed  out  {Xiderlamhch  Lancet,  2*** 
Serie,  1847,  D.  11,  pp.  365,  432,  and  537,  and  Archdv  J.  physwlogisvhe  Jletl' 
kuiuie,  viiL  p.  30,  1849),  tbat  Cba  oentraa  of  tbe  two  cirolea  are  nearly  pro- 
portimial  (tbe  eiyataUiae  lena  canaaa  a  aligbt  modifleation)  to  tbe  diatuoe 
between  tbe  pnpil  and  tbe  letina.  In  my  metbod  above  deaeribed,  I  at  firat 
pngeoted  on  a  wbite  paper  on  wbieb  Ibe  ami  aboae,  aubaeqneBtly,  witb 
Doncan  (De  eorpons  vitrei  strwdntrSL  Diaa.  inang.  Trajeoti  ad  Rbennm,  18M), 
I  used  the  methode  a  double  cue.  The  corpuscles  in  tbe  vitreoaa  humour  I 
had  already  partly  found  with  my  friend  Prof.  Jansen ;  snbeeqaently  I  had 
discovered  all  forms  with  Doncan,  who,  under  my  direction,  wrote  his  dis- 
sertation on  this  subject ;  I  have  also  repeatedly  seen  those  of  the  crystalline 
lens. — Elsewhere  [Ned.  Lancet,  2^''  Serie,  1).  iv.  p.  638),  1  have  also  described 
how,  by  means  of  a  lens  with  a  pupil  (an  opening  in  a  diaphragm)  placed 
before  it,  and  of  two  little  lights  in  the  focal  plane  of  that  lens,  the  pheno> 
mena,  which  apply  to  our  method,  oan  be  made  visible  on  a  screen. 

Sir  David  Brewater  eloaea  bis  paper  witb  tbe  following  atriking  worda : 
'*  And  tbia  ia  but  one  of  nnmerona  proofa,  wbidb  tbe  progreaa  of  know- 
lodge  la  daily  aooomnlating,  tbat  tbe  moat  abetraet  and  appaiently  tiana- 
eandental  tratba  ia  pbyaical  scienoe,  will,  sooner  or  later,  add  their  tribnte 
to  aopply  bnman  wants,  and  alibviate  human  sufferings.  Nor  has  science 
performed  one  of  the  least  important  of  her  functions,  when  abo  enables 
us,  either  in  our  own  case,  or  in  that  of  otliers,  to  dispel  those  anxieties  and 
fears,  whioh  are  the  neeessary  oflbpring  of  ignorance  and  error."  These 
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wonb  an  dimwn  from  Eroy  oooUft  lij  ezperiaiiM  kaowi  tiMir 
traih.  "  Few  ijn^tont  proTe  so  darming  to  penong  of  a  Mmu  balitt 
or  Moititution  as  muscse  volitantes,  and  they  unmadiately  suppose  that 
tliej  are  about  to  lose  their  sight  by  cataract  or  amaurosis."  Often,  alas  I 
this  anxiety  is  even  still  kept  up  by  ignorant  practitioners.  But  nothing 
is  easier  than  to  convince  such  gloomy  patients,  who  have  usually  already 
aoqoired  some  knowledge  of  the  eye,  that  the  seat  of  the  phenomenon  is  to 
be  met  with  in  the  vitreous  humour,  and  not  in  the  nerve:  they  readily 
comprehend  the  signification  of  the  double  shadows  by  comparison  with 
•a  ts|MviBitiit  with  two  lights,  whioh  oan  give  dooblo  ihtdows  of  an  oljaol 
on  ft  wall,  onlj  whan  tlia  otjaot  dooa  not  lie  againat  tiia  walL  Undar  what 
ciianmataaoea  aompilaintB  of  mnaon  Tolitantea  nay  lunre  a  dangvona  aigni- 
Hoatioo,  iball  ba  pointed  oat  in  treating  of  myopia. 

I  ioaaeAj  wrote  a  detailed  essay  (Xed.  Lancet,  2«  Serie,  D.  11)  on  tha 
amployment  of  entoptic  investigation  in  the  diagnosis  of  defects  of  the  eye. 
Now  that  (thanks  to  the  valuable  invention  of  Helmholtz)  the  ophthal- 
moscope is  in  our  hands,  the  importance  of  the  entoptic  mode  of  examina- 
tion for  diagnosis  is  thrown  completely  into  the  shade. 


§  16.  Eamob  of  Acookhodation,  modifibd  bt  Ags.— Pbbsbtopu. 

— Hypbbmhsopia  acc^uisita. 

Tbe  refraction  of  tlie  eye»  and  atiU  more  the  range  of 
dation^  become  modified  with  the  inerease  of  jean.  The  diminii* 
tion  of  the  power  of  accommodation  first  takes  place ;  it  19  perceptible 
long  before  the  refractive  condition  of  the  eye  in  the  state  of  rest 
has  undergone  any  modification :  for  the  distance  R  of  the  farthest 
point  continues  long  unchanged,  while  P,  that  of  the  nearest  point 
of  distinct  vision,  becomes  gradually  greater  and  greater.  Thus 
tbe  range  of  accommodation  diminishes. 

The  progressive  removal  of  jd  is  a  fact  of  universal  experience. 
People  are,  however,  generally  of  opinion  that  this  retrogression 
commences  first  about  the  fiftieth  year.  Bnt  this  is  an  error. 
Not  until  about  that  time  of  life,  under  some  circumstances,  does 
the  retrogression  of  p  make  itself  felt  as  a  duiwrbanee  in  the  normal 
eye,  and  therefore  attention  is  then  first  directed  to  this  so-called 
weakness  of  the  eye;  but  already  in  youth— nay,  even  before 
puberty—/?  moves  considerably  back.  This  change  affects  all  eyes 
without  distinction,  as  well  the  myopic  (provided  it  be  healthy)  as 
the  hypermetropic  and  the  emmetropic  eye. 

In  the  hist  place,  it  majherebe  asked,  in  general,  how  and  from  what 
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cause  it  is,  that  at  so  early  a  period  of  life,  while  all  the  functions,  and 
especially  that  of  the  muscles,  are  in  a  state  of  progressLve  develop- 
ment^ the  power  of  accommodation,  which  depends  upon  muscular 
action,  already  loses  in  eictent?  As  it  most  be  admitted,  that 
the  eiliaiy  moscle  has  oontinaed  nonnal,  and  is  theiefofe  stQl  in  foil 
fom,  we  come  readily  to  the  inference  that^  at  least  in  the 
first  instance,  the  diminntion  is  to  be  sought  ezclusiTely  in  the 
condition  of  the  parts,  which  in  accommodation  are  passively  altered, 
and  by  no  means  in  the  state  of  those  whereby  the  change  is  actively 
produced.    Now  the  organ  which  is  passively  altered  is  the  lens. 

Is  the  early  diminution  of  the  range  of  accommodation  ^  to  be 

explained  from  this?  We  know  that  at  an  advanced  time  of  lifs 
the  kns  is  finn»  than  in  youth.  I  think  I  may  e?en  assert  that 
the  incmse  of  firmness  commences  at  an  early  period.  Now,  it  is 
in  consequence  of  this  greater  firmness  that  the  same  muscular  action 
can  no  longer  produce  the  same  change  in  the  form  of  the  lens. 

It  is  therefore  very  probable  that  the  early  diminution  of  depends 

thereon. 

After  the  power  of  accommodation  has  considerably  decreased,  a 
slight  diminution  of  refraction  gradually  takes  place.  This  appears 
from  the  &ct  that  now  also  r  begins  to  remove  from  the  eye^  and 
that»  consequently,  the  posterior  focus  is  transferred  to  a  greater 
deptii  in  the  organ,  or  even  to  behind  the  rethuu  But,  as  I  have 
already  remarked,  the  diminution  of  refraction  is  not  perceptible 
until  a  late  period  of  Hfe.  At  the  fortieth  year,  it  has  not  at  all,  or 
has  scarcely  commenced,  and  it  is  not  until  the  sixtieth  or  seventieth 
year  that  it  is  distinctly  present  in  an  originally  emmetropic  eye. 
On  account  of  the  simultaneously  diminished  range  of  accommoda- 
tion, the  visual  lines  being  parallel,  the  eye  can  then  frequently  not 
be  accommodated,  even  for  remote  objects,  and  a  positive  glass  is 
therefore  required  also  for  distance. 

The  doubt  might  be  raised,  whether  the  diminution  in  refraction  is 
not  only  apparent,*— whether  in  all  those  cases  in  which,  at  a  later 
period  of  Ufe,  H  is  observably  an  equal  degree  of  latent  H  did  not 
already  exist  in  youth.  If  this  were  so,  the  change  should  be  leferrible 

exchiaively  to  diminntion  of  j«  We  are,  however,  justified  in  de- 
claring this  doubt  to  be  unfounded.    Sometimes  a  certain  degree  of 
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H  is  developed  in  ?ektiT<rij  so  short  a  time,  espeeially  wlien 

traces  of  obscuration  ari:je,  aiitl,  as  it  appears,  also  in  glaucoma,  thAt 
there  is  no  ground  whatever  to  assume  the  original  existence  of  the 
same  degree  of  II.  Moreover,  I  have  in  myopia  also  occasionally  satis- 
fied myself  of  the  presence  of  a  diminution  of  refraction.  Finally,  and 
this  in  itaelf  is  convindngj  at  an  advanced  period  of  Hfe  li  is  much 
mofe  common  than  in  youth.    The  question  therefore  is^  on  what 
the  diminution  of  lefraction  depends,   flattening  of  the  eomm, 
and  lessened  dicumferenee  of  the  ^ebaU,  the  visual  aiis  of  whidi 
should  thus  have  become  shorter,  have  been  suggested.  It  seems  to 
me  more  probable  that  the  cause  is  to  be  sought  in  the  lene.  It  is 
generally  known  that,  at  a  more  advanced  time  of  life  the  latter,  toge- 
ther M'ith  the  iris,  moves  forward,  and  this  renders  the  cornea  appa- 
rently flatter.    But  this  displacement  of  the  lens  should  in  itself  have 
predaely  the  opposite  effect^  and  should  move  the  focus  somewhat 
forward.    There  must  eonsequeutiy  be  another  cause,  which,  in 
spite  of  this  influence,  lessens  the  le&action.    This,  if  I  am  not 
mistaken,  is  to  be  sought  chiefly  in  a  more  uniform  firmnesa  of  the 
several  layers  of  the  lens.   Even  Hiomas  Toung  remarked,  and 
it  has  been  more  fully  demonstrated  by  Senff,  Listing,  and  others 
(compare  p.  89),  that  with  the  laminated  structure,  with  refractive 
power  diminishing  towards  the  periphery,  the  lens  has  a  shorter 
focal  distance  than  a  lens  of  similar  form,  and  composed  wholly  of  a 
subskmce  of  the  refmctive  j)owcr  j)roper  to  the  nucleus  of  the  lens, 
would  have.    If,  consequently,  with  the  advance  of  years,  the  outer 
layers  become  more  solid,  a  greater  focal  distance  must  be  the 
result    Now,  the  existence  of  this  increase  of  solidily  is  evident 
from  the  incnasing  reflection  in  advanced  life  on  the  anterior  and 
posterior  surbces  of  the  lens^  a  reflection  which  is  proportional  to 
the  difference  in  refractive  power  between  the  outer  layers  of  the 
lens  and  the  aqueous  or  vitreous  humour;  and  it  ia  also  capable  of 
being  established  by  anatomical  investigation.   But,  in  addition  to 
this,  in  atlvaiiccd  life  the  lens  appears  to  become  flatter,  on  which 
account  the  radii  of  curvature  of  its  surfaces,  and  its  focal  distance, 
are  increased. — I  have  satisfied  myself  (see  p.  89)  that  the  cornea 
does  not  become  flatter,  and  I  have  no  reason  to  assume  that  the 
visual  axis  should  become  shorter,  except  in  the  most  extreme  old 
age.    I  therefore  believe  that  the  cause  of  the  state  of  diminished 
lefraction  must  be  sought  in  the  above-mentioned  changes  in  the 
lens.   In  favour  of  this  view  is  also  the  oircumsianoe  that  the 
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diminiilioii  of  lefiMstion  at  last  goes  hand  in  hand  with  the  diminu- 
tion of  the  power  of  accommodation :  indeed  this  points  to  a  com- 
mon OTv^in,  and  we  have  above  seen  that  the  latter  depends  npon  a 
hardening  of  the  lens. — The  vitreous  humour  1  have  not  coinparcd, 
with  reference  to  its  refractive  power,  at  diflcrent  times  of  life.  It 
18  self-evident  that,  as  its  anterior  surface  is  concave,  an  increase  of 
its  refractiYe  power  moat  move  the  poatenor  focaa  of  the  eye  6ack' 
ward*. 

Ab  I  have  ahove  remarked,  the  ehangea  in  aooommodation  and 
refraction  occur  in  eadi  form  of  the  eye.  We  have  here  to  anhject 
to  a  more  accurate  examination  only  those  which  take  place  in  the 

emmetropic  or^^n. 

I^ig.  104  represents  the  course  of  the  nearest  jtjj,  uud  of  the 


Fig.  104. 
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futhest  points  r  r,  and  consequently  that  of  the  power  of  accommo- 
dation in  the  emmetropic  eye^  at  different  periods  of  life.  The  figure 
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needs  but  little  explanation.  The  numbers,  to  tiie  left»  indicate,^ 
before,  the  distanoe  in  Pariflian  indiei^  for  which  aocommodation  em 
take  place;  thoa^  which  are  lower  thanoD,  have^  as  In  the  previona 
figuzea,  a  negative  signification :  they  represent  the  distance  at  whidi 
the  OGnverging  rays,  for  which  the  ejre  is  accommodated,  come  to  a 
focus  behind  the  nodal  point.  The  numbers  placed  above  the  figure, 
indicate  the  age,  expressed  in  years.  On  the  lines  p  j)  and  r  r  we 
can,  therefore,  for  each  year  of  life,  read  off  the  nearest  and  the 
farthest  points  of  distinct  vision,  while,  at  the  same  time,  the  distance 
between  these  two  lines  exhibits  the  range  of  accommodation ;  the 

distance  between  two  transverse  hues  is  again  =  ^  accommodation. 

From  the  figoie  it  diiecUj  appean,  that,  even  firom  the  tenth 
year,  at  iriiich  the  observation  becomes  possible^  p  approaches 
the  eye,  and  indeed  with  tolerably  nniform  rapidity,  so  that  at  the 

thirtieth  year  ^  has  fallen  to  abont  one-half  what  it  was  at  the 

tenth  year.  From  this  time  the  descent  appears  to  take  place 
somewhat  more  slowly,  but  nevertheless  to  proceed  incessantly 
to  the  most  advanced  time  of  life.  The  coarse  of  the  farthest 
point  is  quite  different.  Up  to  the  fortieth  year  it  remains  at 
the  same  hei£^t;  bat  from  that  time  an  extremely  slow  descent 
occurs,  the  emmetropie  cje  becoming,  at  the  fifti^  year,  some- 
what hypermetropic,  which  H  at  the  eightieth  year  amounts  to 

from      to  J^.   This  acquired  hypermetropia  may,  finally,  become 

absolute,  that  is  to  say,  that  not  only  accommodation  for  divergent, 
but  even  for  parallel,  rays  becomes  impossible.  I  have  not  un- 
frequenUy  met  with  this  in  persons  at  sixty  years  of  age,  who  in 
their  youth  probably  exhibited  no  H  whatever.  This  was  inferred 
when  they  did  not  before  the  forty-fifth  year  of  their  life,  need  spec- 
tacles in  the  evening  for  minate  work. 

The  coarse  of  /» in  the  emmetn^  eye  was  dedoced  from  a  great 
nnmber  of  observations.  In  Fig.  105  each  observation  is  indinted 
by  a  point,  and  the  position  of  these  points  shows  at  the  same  time 
that  the  deviations  of  the  mean  coarse  are  not  particularly  great. 
And  still  these  must  undoubtedly  be  in  part  ascribed  to  error  in  obser- 
vation; in  some  a  slight  degree  of  H  may  also  increase  the  delations. 
In  the  preparation  of  this  table,  emmetropic  eyes  were,  for  the  most  part, 
nsed ;  bat  also  eyes,  affected  with  a  slight  degree  of  M  (  =  1 : 40 
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or  less)^  were  not  excladed.  These  last  even  deserve  to  be  pre- 
ferred.   Indeed^  in  these  alone  we  have^  without  artificial  paralysis 
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of  accommodatiou,  suillcient  security  that  tbo  nearest  point  is  not 
influenced  by  a  latent  U.,  and  we  may  sat'eiy  assume  that,  with 

these  degrees  of  M,  T-is  equal  to  that  of  the  emuittropic  eye.  In 

proportion  to  the  M  ascertained,  p  was  of  course  reduced.  Lastly, 
I  should  observe,  that  when  p  appeared  to  lie  at  a  greater  distance 

than  8'  it  was  always  calculated  from  a  determination,  made  with 

tbe  aid  of  positive  irlasses.  It  was  thus  brought  to  tlie  distance  of 
about  8'.    If  this  were  not  done,  theu,  on  account  of  the  absence  of 

convergence,^  vould,  in  advanced  life,  be  computed  too  low. 

On  the  diminution  of  refraction  just  descrilu'd,  and  especially  on 
that  of  the  accommodation,  depends  a  condition  which  has  been 
termed  presbyopia,  Pr.  Presbyopia  has  been  set  down  as  synonymous 
with  /aniflUetheu.   By  this  we  by  no  means  wish  to  convey,  that 
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the  eje  sees  accoratelj  at  a  great  distance^  for  of  this  the  young 
emmetropic  and  moderately  hypermetropio  eye  is  also  capable.  We 
wish  only  to  ezpraaa  the  iact^  that  it  cannot  see  near  objects  aocnrately . 
In  like  manner  we  call  a  person  near-ai^ted^  not  because  he  can  distin- 
gdsh  small  objects  dose  to  the  eye, — ^for  this  too  the  joong  emme- 
tropic c)  e  enjoys  in  common  with  the  near-sij^ted  one^  but  because 
he  does  not  see  well  at  a  great  distance. 

I  will  not,  however,  dwell  upon  the  incorrectness  of  the  English 
expression  farsightedness.  It  is  only  the  idea  1  would  refer  to, 
and  tliis  desers^es  to  be  more  closely  examined. 

In  this  respect  1  would  first  observe,  that  only  that  farsightedness 
is  to  be  considered  as  Pr,  which  is  dependent  on  the  diminution  of 

as  the  result  of  advanced  life.    The  very  etymology  of  the  word, 

oompoonded  of  wpivfivt,  (M,  and  eye,  indicates  this.  Were 
we  to  term  every  impediment  to  the  accnrate  yision  of  near  objects 

Pr,  paralysis  of  the  power  of  accommodation  should  be  placed  in 
the  same  category.  Even  H,  so  far  as  with  it  vision  of  distant,  is 
easier  than  that  of  near  objects,  should  be  comprehended  under  the 
term,  and  we  have  made  it  clear  enough  to  what  great  confusion  of 
ideas  we  should,  by  so  doing,  give  rise.  (Compare  §  6).  Tkc 
term  presbyopia  w,  there/are,  to  be  reikieted  to  tAe  amdiium,  in 
which,  as  the  reeuit  of  the  inereaee  cfyeare,  the  remge  of  aeeommo' 
daikm  ie  diminiehed  and  thevieum  ^near  (d^'eete  ii  wiirfered  wM, 
From  this  definition  it  appears,  that  is  really  indnded  in  the 
diminution  of  the  range  of  accommodation  dependent  on  advancing 
years.  Still  Pr  is  the  normal  quality  of  the  normal,  emmetropic 
eye  in  advanced  age.  It  is,  therefore,  properly  speaking,  no  more 
an  anomaly  than  are  grey  hairs  or  wrinkling  of  the  skin.  Were  it 
an  anomaly,  it  should  be  much  less  one  of  refraction  than  of  accom- 
modation. 

Bat  where  are  we  to  place  the  commenoement  of  presbyopia? 
If  we  oonsnlt  the  line  pfr  of  Fig.  106,  mjmMMin^Tfg  the  emme- 
tropic eye  at  difeent  times  of  life,  it  appears  that^  from  youth  up  to 
extreme  old  age,  p  removes  with  tolerable  regularity  more  and  more 
from  the  eye,  and  that,  consequently,  the  vision  of  near  objects 
becomes  progressively  more  and  more  difficult.  A  stop  in  the  line 
is  nowhere  observed. 

Hence  it  follows,  that  in  fixing  a  limit  of  Pr,  w'e  cannot 
avoid  being  arbitrary.    In  the  eye  itself,  no  reason  is  to  be  found. 
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for  making  a  definite  distinction  between  presbyopic  and  non-pres- 
V>yopic.    Now,  if  the  boundary  be  artiiicial,  it  must  be  conventional. 

Tbis,  however,  leads  us  to  the  question,  whether  it  is  necessary 
to  speak  of  Fr,  and  whether  we  should  not  rather  couhne  ourselves 

to  fixing     in  oonnexion  with  the  degree  of  M  or  of  H,  where  these 

axe  fomid.  Undoubtedlj  this  mode  would  be  acientifiqdly  ntis- 
ttudtarj.  NeverthdesB  we  shoold,  in  mj  opinion,  meet  with  but 
Httie  fespoDse,  wm  we  to  get  nd  of  so  genenUj  known  and  ex- 
tensively employed  a  word.   I  believe  also  that  by  so  doing  we 

should  confer  no  favour  upon  practice.  In  practice,  a  word  is 
required,  which  may  indicate  the  condition  in  which  the  eye,  at  an 
advanced  period  of  life,  must,  for  ordinary  close  work,  use  positive 
spectacles,  and  this  word  is  presbi^opia. 

However,  with  all  tbis  the  oommencement  of  Pr  is  not  jet  de- 
fined.  That  this  most  be  done,  is  evident. 

Our  sodal  condition  leqiiiies  that  we  ahoold  often  be  engaged  in 
reading,  writing,  or  other  dose  work.  It  is  phun  that  the  average 
magnitode  of  the  forms  employed  in  snch  work,  is  dosdij  connected 
with  the  aecDiacj  of  the  power  of  vision,  and  with  the  distance  of 
distinct  \'ision  for  the  normal  eye.  The  same  is  true  of  the  pro- 
ductions of  art  and  of  a  number  of  trades.  What  the  human 
eye,  in  the  full  power  of  life  can  do,  has  in  general  afforded  the 
standard  for  this.  Before  the  general  application  of  spectacles  the 
standard  was  undoubtedly  different.  If  these  instruments  were 
no  longer  to  be  obtained  by  all,  a  larger  fype  m  general  should 
leplaoe  that  at  praeut  in  nse«  The  common  employment  of 
spectacilea  has,  therefore,  eierdsed  an  inflnoice  on  the  limits  of 
distinct  vision,  with  which  we  mnst  allow  presbyopia  to  commence. 
The  changeableness  of  these  Emits  thos  appears  most  prominently. 
We  have  to  investigate  how  long  the  eye  fultils  the  requirements 
of  the  a.ssumed  standard.  Even  in  the  thirtieth  year  the  normal 
•  eye  dislike?  the  small  print,  which  the  near-sighted  person  prefers 
and  youth  does  not  avoid.  Still,  in  the  fortieth  year  ordinary  type 
presents  no  difficulty  whatever  to  the  emmetropic  eje.  In  the 
forty-fifth  year  the  notes,  printed  in  smaller  characters,  are  not  un- 
frequently  passed  over,  and  the  book  is  in  the  evening  probably 
somewhat  earlier  laid  aside.  We  now  soon  begin  to  observe;,  thi^ 
an  olject,  to  be  Tery  aoeorately  seen,  is  removed  a  little  further 
from  the  eye ;  a  dear  light  is  also  sought,  rather  for  the  purpose  €i 
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dtroinishihg  the  circles  of  diffosion,  in  imperfect  acoonnnodatioii, 

by  narrowing  the  pupil,  than  of  obtaining  more  brilliantly  illumi- 
nated irnnijcs.  Ordinary  occupations  are,  however,  even  in  the 
eveniiit,',  "-ill  prrfoniud  uiiintLTriiptedly  without  remarkable  exer- 
tion. But  where  minute  matters,  which  now  and  then  occur,  are 
to  be  accurately  seen,  comes  the  complaint,  however  unwillingly, 
from  the  lips,  that  our  eyes  are  no  Icmger  what  they  were.  The 
binocular  nearest  point  now  often  Ues  at  about  %"  from  the 
cje.  At  this  point  I  have  already  placed  tbe  commencement  of 
presbyopia.  I  think  too  that  I  must  now  keep  to  it.  In  the 
following  however,  we  shall  see,  that  this  does  not  alwaja,  and 
indeed  not  even  in  general,  involve  the  use  of  spectacles. 

If  we  have  agreed  upon  a  definite  distance  as  the  commencement 
of  Pr,  this  may  serve  also  to  fix  the  degree  of  the  presbyopia.  This 
is  done  in  a  very  simple  manner.  \i,  that  is  to  siiy,j)^  be  situated  at 
»  Parisian  inches  from  the  eye,  then,  assuming  the  above  men- 

11 

tioned  limit,  Pr  —  -   —  — .  Thus,  if  jp^  lie  at  16  inches,  Pr 

sLisses  of  about  ^  —  -are  required,  and,  in  the  examples  given, 

glasses  of  ~  and  ~  to  bring     to  8'',  and  so  to  neutralise  the 

presbyopia.  1  say,  about,  for  with  the  iucreaaed  convergence p^  has 
somewhat  approached  the  eye.  But  as,  however,  in  presbyopia,  the 
relative  ranges  of  accommodation  have  approached  much  more  to 
those  of  hypermetropia  (Compare  p.  126,  Ilg.  64),  we  may  usually 
leave  this  out  of  tbe  calculation.  To  be  quite  accurate,  we  should 
be  able  to  determine  the  degree  of  from  the  glass;,  with  which, 
by  means  of  direct  experiment,  is  brought  to  8*.  But,  it  will 
be  seen  still  more  precisely  in  the  following  §,  that  the  determina- 
tion of  the  degree  of  Pr  possesses  only  a  subordinate  value,  on  the 
one  hand,  because  the  commencement  of  Pr  is  conventional,  on  the 
other,  because  the  accommodation  complicates  the  condition,  and 
this,  as  well  as  the  accuracy  of  \i8ion,  influences  the  practical 
application :  we  should,  therefore,  take  care  to  attach  to  the  deter- 
mination of  the  degree  of  Pr  the  great  importance,  which  is  con- 
nected with  that  of  the  degree  of  M  and  of  H. 
Thus  hi  we  have  treated  ezelnsively  of  the  Pr  of  the  emmetropic 
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eye.  But  the  hypermetropic  and  the  myopic  eye  aie  also  subject  to  the 
same.  ITie  first  most  be  called  presbyopic,  so  soon  as  in  the  use  of 
^bokaacB,  which  neutralise  the  lies  feirther  from  the  eye  than  S'. 
Ajb  to  myopics,  we  hold  to  the  definition  given  of  Pr,  and  therefore 
let  this  fint  oommencey  when  the  distanoe  of  amounts  to  more 
than  8*.  Hence  it  follows  that  it  is  only  to  the  slight  degrees  of  M, 
tUat  Vr  m  the  ordinary  sense  of  the  word,  can  belong,  that  with  M 

=    it  is  almost  impossible^  even  with  total  loss  of  the  power  of 

accommodation.  To  this  we  must  add,  that  in  the  slight  degrees  of 
"M,  it  occurs  much  later  than  in  the  emmetropic  eye.  Herein  the 
myopic  finds  a  compensation  for  what  he  loses,  with  reference  (o  the 
wision  of  remote  objects.  The  advantage  is  not  small.  Up  to  the 
«ztieth  or  e?en  the  seventieth  year  of  our  age,  not  to  need  spec- 
tadesy  in  order  to  see  accurately  whatever  comes  immediately  under 
our  eyes,  is  a  great  privilege.  This  privilege  belongs  to  a  M  of  from 

Yq        ui  which  degree  the  ^e  is  not  threatened  with  any  special 

dangers.  "With  slighter  degrees  of  M  a  good  deal  of  this  privilei2;e 
is  still  enjoyed.  This  is  a  condition  which  may  well  be  envied  by 
emmetropic  eyes.  I  never  found  a  normal  eye  which  participated 
in  the  same  advantage.  Many  persons,  however,  suppose  that  they 
axe  80  lud^y  privileged.  Abnost  daily  it  occurs  that  at  fifty-five 
years  of  age  the  distance  of  lies  at  only  from  8'  to  10',  and 
spectacles  are  not  yet  thought  of.  Sudi  people  consider  themselves  a 
Incky  exception.  They  are  extremely  proud  of  their  sharp  sight.  The 
inquiry  whether  they  are  near-sighted  is  answered  in  the  negative  with 
a  smile  of  self-complacency.  At  a  distance  of  twenty  feet  hang  Snellen's 
letter-tests  :  XX  and  XXX  they  do  not  recognise,  XL  not  at  all, 
or  scarcely ;  L  and  LX  are  the  Erst  which  are  easily  recognisable  to 

them.    Not  until  they  try  glasses  of  ~  ^  ^"^      ^     ^"^^^3  ^^^^^ 

distinguish  XX,  or  at  least  XXX,  with  accurate  contours.  Beluct- 
antly  they  acknowledge  themselves  beaten.  They  are  consequently 
somewhat  myopic  I   It  is  true  they  had  always  attached  a  wholly 

diiferent  meaning  to  the  idea  of  M.   For  the  oculist  it  is,  however, 

im])ortant  to  have  proved  the  existence  of  this  slight  dt-gree  of  M. 
He  k-arns  from  it  to  recognise  the  unchangeable,  the  legitimate 
amount  of  the  range  of  acc-ommoilation  attached  to  each  period  of 
life,  and  he  can  sometimes  also  turn  this  knowledge  to  his  advau- 


Digitized  by  Google 


814  MODIFICATION  OF  THE  RANGE  OF  ACOOBfMODATION. 


tage.  Thus  when  we  inquire  into  the  hereditary  natue  of  lf« 
existence  in  the  parents  is  often  denied,  yet  almost  in  the  same  breath 
it  is  addedj  as  a  proof  of  their  excellent  aighf^  that  up  to  tfacv 
fiftieth  year,  nay  even  longer,  they  still  read  and  wrote  in  the  evcniiig 
withoat  spectadea,  and — ^we  know  what  inlaence  is  to  be  diawB. 
If,  on  the  other  hand,  a  person  comes  to  us,  who  in  order  to  contimie 
liis  close  work,  in  his  thirty-fifth  or  fortieth  year  evidently  has  need 
of  positive  spectacles,  we  shall  almost  always  tiud,  that  a  slight 
deprrcc  of  H  lurks  in  him.  If  its  degree  were  somewhat  greater, 
the  dithculty  would  have  earlier  manifested  itself  more  distiiictlj, 
under  the  character  of  asthenopia. 

The  more  I  investigate  the  suhjecl^  the  move  folly  I  am  conyince^ 
that  at  a  givea  time  of  life  the  range  of  annommodarion  is  aa 
afanoat  law-detennined  q[nantitj.  If  there  are  no  fimnixaUe  exoe^ 
ikina,  the  anfiivooiable  are  oonneeted  with  definite  defects^  the  com* 
menoement  of  cataract  or  glaucoma  simplex,^  exhausting  diseases,  and 
paresis  of  accommodation.  Of  iliis  we  shall  treat  from  a  clinical 
point  of  view^  in  the  following  Section. 


NOTE  TO  s  17. 

As  was  above  remarked,  aa  €ye»  affeoted  in  a  higher  degree  by  myopia, 
eta  Barer  beoome  preelqropio.  It  kisee  with  the  advanee  of  jean  hi  range 
ef  aoeoomiodatloii;  tiw  nearest  pomt  reoedes,  and  this  may  be  the  oaae  ewtn, 
with  the  futhest  point;  the  phyiioel  ehangee  whioh  tbtrawith  go  hand  in 
hand  in  the  myopia  eye,  are  eimilar  to  thoee  of  other  eyes.  But  pfeebyopia 
aerer  arises :  does  not  remove  to  more  than  8'  from  the  eye.  Hence  ap- 
pears anew  the  arbitrary,  the  conventional  nature  of  the  idea  of  presbyopia. 
At  first  1  was  inclined  to  attach  a  more  extensive  meaning  to  the  word  pres- 
hyopia.  I  wished  to  express  by  it  the  senile  change  affecting  every  eye.  "  The 
ohange,"thu8  I  reasoned,  "indicated  by  definite  anatomical  properties,  occurs 
in  every  eye  without  distinction.  It  gives  rise  to  disturbance  in  vision,  and, 
indeed,  in  each  form  of  the  eye,  to  one  and  the  same  disturbance,  namely, 
that  the  eye,  whether  unaided,  or  furnished  with  definite  glasses,  cannot,  at 
will,  distinguish  aooarately  at  a  great,  distanoe  and  elose  at  hand.  This  die> 
torbanoe,  peeuliar  to  old  age,  desenres  the  name  of  presbyopia.'^ 

Fhmi  the  soieatifio  point  of  view  this  ressoning  is  peiMly  oomet 

*  See,  on  the  meaning  of  GJaucoma  Su^sx,  Bowman,  in  the  BriUiM 
MMkalJourmU,  October  11,  1862.  • 
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Only  so  long  as  presbyopia  was  opposed  to  myopia,  this  extensive  ai^ifica- 
tiozi   could  not  be  applied  to  the  lormer  term;  indeed,  so  long  myopia 
mnBt  ezelade  presbyopia,  and  in  old  myopic  indiyidoals,  whatever  degree 
thA  iicniln  ehange  may  hare  ■ttoinad,  the  term  presbyopia  oonid  not  be  ap- 
plied.   But  now  that  this  oppoaition  has  oeased,  we  readily  aea  tiiat  the 
mjapto  eye  alee  mtcy  beeeaie  piesbyople;  and  the  idea  of  ezpieeemg  the 
■oniln  ehange  with  diminiihed  range  of  aeeoanmodation  in  every  eye^  without 
distmiotion,  by  the  word  presbyopia,  occurs  ipontanfloiialy  to  our  mind. 
MoreoTer,  its  etymology  is  in  favour  of  applying  a  more  extensive  meaning 
to  tlie  word  presbyopia;  indeed,  since  farsightedness  occurs  generally  in 
old  people,  it  has  been  called  presbyopia ;  still  more  correctly  should  the 
latter  term  be  oozueoted  with  the  state  whioh  is  inseparable  ^m  advanced 
yeaxs. 

On  the  other  hand :  esHkl  wUent  tuu.    This  has,  liually,  weighed  more 
witli  ma  than  the  demaada  of  logic  and  ef  etymology.  I  ocmrid^red  that 
praeUM  has  need  ef  a  wmd  te  signify,  that  without  optiohl  assistanee  oidi- 
nasj  dose  eoeapetiflos  eaa  with  difflonlty  be  eairied  on,  and  I  should  be 
vnwilliBg  to  propose  another  wofd  to  darfgnate  this  eondition.  I  have 
therefore  teCahied  the  word  presbyopia  in  its  ancient  signification.  Only 
the  idea  waa  refined.  Striotly  was  everything  eliminated  from  it  which 
belongs  to  hypermetropia  or  paralysis ;  the  senile  change,  with  diminution 
of  accommodation,  was  assumed  as  an  essential  requisite,  and  it  was  not 
dilBcult  from  this  point  of  view  to  fix  the  limits  of  the  application  of  the 
word  presbyopia  also  to  myopic  and  hypermetropic  eyes. 


§  18.  Tbbatiiimt  of  Pbbsbtopia. 

Bimuniftion  of  tbe  power  of  a4soommodalKm  leads,  m  we  have 

seen,  to  presbyopia.  To  this,  at  a  certain  time  of  life,  tbe  emme- 
tropic eye  is  inevitibly  liable.  In  youth  it  sees  small  objects,  by 
preference  and  without  perceptible  tension,  at  a  distance  of  about  six 
inches.  At  a  later  period  this  distance  becomes  greater,  in  spite  of 
powerful  effort,  in  spite  of  more  advantageous  management  of  the  still 
existing  aooommodation,  even  at  relatively  less  convergence.  Thus  the 
time  approaches  that  close  zeading  and  working  are  attended  with 
difficulty.  Presbjopia  thus  aimoimces  itself.  Seldom  do  we  hear  at 
tbe  same  time  ibat  work  fiitignes.  Thecomplaml;  is  laiher  ihaiyisioii 
is  not  acemate :  the  lettew  %  and  u  are  not  easily  distiDgnlsbed ;  the 
numbers  8, 5,  and  8  are  confounded ;  a  stroke  is  seen  double,  a  point 
sometimes  multiple,  etc.  If  we  place  small  print  in  the  hand  of 
such  %  presbyopic  person,  he  b^ins  by  holding  the  book  too  doee 


Digitized  by  Google 


216  TREATMENT  OF  PRESBYOPIA. 

to  his  eye,  and  does  not  (lisfiiiiinish;  he  subsequently  very  patho- 
gnomonically  moves  the  book  fomards  and  the  head  backwards, 
seeks  a  biigbt  lights  and  —  reads.   The  bright  light  is  a  principal 
pointy  not  so  much  because  the  letiual  images  are  by  it  moie 
strongly  iUuminatedj  but  because  the  pupil  contracts,  the  ciides  of 
diffhsion  therefore  become  smaller,  and  the  retinal  images  ksB 
diffused.    Therefore,  also  the  individual  first  perceives  some  diffi- 
culty in  twiijfjlit,  unless  it  be  particularly  strong.  Inconvenience 
would  have  arisen  even  earlier,  if  the  diminution  of  accommodatioTi 
had  not  been  accompanied  with  diminution  of  the  diameter  of  the 
pupiL   Thus  also  the  small  pupil  of  the  old  man  makes  the  loss  of 
the  power  of  accommodation  lighter  to  him :  to  this  he  is  indebted 
for  the  fact  that,  even  at  distances  for  which  he  is  not  accuratdj 
accommodated,  he  still  distinguishes  tolerably  welL    In  full  day- 
light, in  the  open  air,  a  person  can  often,  even  in  advanced  pres- 
byopia, read  ordinary  type,  and  this  always  succeeds  on  looldiig 
through  a  small  opening.     But  much  earlier,  even  brfore  the 
presbyopia  manifestos  any  disturbing  intluiiice,  the  sni:iU  pu])il  is  of 
importance,  because  in  reading  and  writing  the  accommodation  evrn 
then  leaves  something  to  be  desired.     To  this  I  would  cxprt'>.sly 
direct  attention.    The  fact  is  siguihcauty  because  hence  it  follows 
that  in  commencing  presbyopia  convex  glasses  are  useful  less  by 
correcting  the  accommodation,  than  by  increasing  the  sharpness  of 
the  retinal  images.   The  eye  already  puts  its  accommodation  rather 
strongly  upon  the  stretch  (still  more  powerfbl  tension  has  no  pro- 
portionate effect)  without  any  hinderance  or  fiitigue  whatever.  Aided 
by  weak  glasses,  the  eye  continues  the  tension  almost  in  the  same 
manner.     The  result  is  therefore,  that  the  eye  now  sees  more 
accurately :  the  letters  become  black,  confusion  ceases,  and  the 
person  rejoices  in  a  distinctness  of  vision,  of  which  he  had  almost 
lost  the  idea. 

The  correction,  hy  means  qfpotUive  fflane*,  in  the  cotnmencemeni  of 
the  ^orty  of  diminished  accuracy  <f  viwm  if  near  o^ecls,  u  tke 
characteristic  mark  if  pre^opia. 

Prom  this,  it  may  be  stated  m  one  word,  the  vision  of  hyper- 
metropics is  evidently  distinguished.  These  obtain  perfect  aocunusy 
of  sight,  but  only  at  the  cost  of  so  great  a  tension  as  they  are  not  able 
to  maintain,  and  therefore  they  obtain  it  only  for  a  short  time ;  weari- 
DL'ss  of  accommodation  (astlR"no])ia)  ensues.  In  the  hypermetropic 
individual  convex  ghisses  aid  the  accommodation,  in  the  presbyopic 
they  at  ^st  rather  increase  the  sharpness  of  the  retinal  images. 


Digitized  by  Google 


USE  OF  CONVEX  GLASSES. 


217 


So  soon  as,  hy  diminution  of  accommodation ,  in  ordinary  work 
the  required  accuracy  of  vision  begins  to  fail,  there  is  need  of  convex 

glasses.    The  test  is,  that  with  weak  glasses  of  from  ^  to       at  the 

same  distance  as  without  glasses,  the  accuracy  of  vision  m  manifestly 
improved.  The  opinion  is  rather  general  that  we  should  refrain 
as  long  as  possible  from  the  use  of  convex  glasses.  But  is  it  not 
foUj  to  weary  the  eyes  and  the  mind  together,  without  any  necessity, 
condemning  ourselves  to  guess  with  much  trouble  at  the  forms, 
which  we  coidd  see  pretty  well  with  glasses  ?  We  have  here  to  do 
with  a  prejudice  which  perhaps  finds  some  support  in  vanity.  It  is 
asserted  :  practice- of  accommodation  is  desirable.  Generally  speak- 
ing, this  is  perfectly  true.  To  look  alternately  at  distant  and  at 
near  objects,  now  to  occupy  one's  self  with  smaller,  now  with  larger 
objects,  developes  and  maintains  the  functions  of  the  eye.  But  we 
forget  that  we  were  obliged  to  practise  more  and  more,  as  years  have 
rolled  on,  and  that  by  these  efforts,  increasingly  necessitated  by 
the  diminishing  range  of  accommodation,  the  power  of  using,  with 
moderate  convergence,  a  great  part  of  the  latter  has  already  been 
acquired.  The  annexed  Figures,  108  of  a  man  of  four-and-thirty 
(Dr.  Doyer),  109  of  a  man  of  four-and- forty  (myself),  110  of  an 
emmetropic  person  aged  sixty,  compared  with  that  of  a  person  of  fifteen 
(Fig.  Ill)  demonstrate  this  most  evidently.    And  is  it  not  a 
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tahuiig  the  degree  of  oonTexity  required.  This  musty  however,  be 
tned  here.   It  is  well  known,  that  at  fint»  while  as  yet  scaiody  anj 

disturbaiice  has  maDifested  itself,  glasses  of  about  ^  are  usuaUj 

safficienty  and  also  that,  in  proportion  as  the  time  of  life  advances 
and  the  range  of  accommodation  diminishes,  stronger  and  stronger 

glasses  are  required.  It  was  tlicrefore  natural  to  arrange  convex 
glasses  according  to  the  time  of  life  at  which  they  IxMoine  necessary. 
This  old  custom  has  been  ridiculed,  and  in  some  d(  gree  with  justice. 
It  is  true  that  eyes  differ  too  much,  to  make  age  alone  the  criterion 
in  the  choice  of  spectacles.  But,  on  the  other  hand,  the  regular 
diminution  of  the  range  of  accommodation,  alre^y  pointed  out  (§ 
17)  showily  that,  in  the  case  of  emmetropic  e^,  the  time  of  life 
may  ui  general  be  taken  as  a  guide.  Only,  the  many  dicnmstanoes 
which  modify  the  indication  furnished  by  the  time  of  life,  are  not  to 
be  neglected.  Bendes  ametropia,  which  oocnpies  the  first  place,  dimi- 
nished acuteness  of  vision  and  morbid  disturbance  of  accommodation 
are  to  be  noted,  while,  moreover,  the  nature  of  the  work  to  \ye  per- 
formed has  some  inlluence.  Of  these  circumstances  we  intend  to  sj)eak 
from  a  clinical  point  of  view.  But,  in  order  to  fulfil  a  practical  object, 
we  shall  premise  the  empirical  result :  what  glasses  are  required  at 
different  ages  in  emmetropia,  with  normal  acuteness  of  vision  and 
accommodation,  for  writing,  and  for  reading  ordinary  type. 
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This  table  nced^s^  perhaps,  some  explanation.  Column  h  gives 
the  glasses  rei^uired  for  E,  proved  at  the  moment;  c  ioi  E  in  youth. 
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and  therefore  for  II  acquisita  at  the  time  of  observation;  in  both  cases 
the  diminished  acuteness  of  vision  belonging  to  the  time  of  Hfe  is 
taken  into  acrount ;  d  indicates  the  distance  whicli  is  preferred  for 
Tision  with  these  glasses;  6',  finally,  the  space  tlirough  which  they  admit 
of  acute  vision,  thatis^  from     with  the  least,  to  Ps  with  the  gzeatest 

convergence  /  ^=_  —  In  general  it  should  be  observed^ 

that  it  is  desirable  to  ascend  bat  slowly  with  the  muDbers,  to  use 
the  first  spectacles  in  the  beginning,  only  in  the  evening,  and  to  keep 
these  for  day  spectacles,  so  soon  as  stronger  glasses  are  leqnized 

for  the  evening,  and  thus,  every  time  that  stronger  glasses  are 
required,  to  continue  using  the  former  evening  spectacles  as  day 
spectacles — finally,  that,  while  stronger  glasses  are  necessary  for  read- 
ing, the  weaker  are  often  sufficient  for  writing,  and  are  to  be  preferred, 
since  the  person  wearing  them,  being  enabled  to  see  at  a  greater 
diatance,  can  avoid  the  bent  position,  which  is  so  injnnoas  to  the  eyes. 

The  above  table  holds  good  for  emmetropic  individnals.  If 
ametropia  be  present,  it  most  be  taken  into  aooonnt.  Therefore 
always,  without  exception,  we  shodd  begin  by  determining  the 
vefrMstion,  and  at  the  same  time  8,  according  to  the  method  described 
ahove  (§9).  With  snfficient  practice,  this  requires  only  a  conple 
of  minutes.  The  result  obtained  supplies  the  preliminary  indication, 
which  must  then  always  be  subjected  to  the  control  test.  If  the  eye 
be  emmetropic,  the  control  is  effected  with  the  glasses  mentioned 
above  in  column  bs  we  ascertain,  at  what  distance  2  and  ^1  are 

easily  and  by  preference  read,  and  we  determine  the  space  of  \  by 

cansing  the  patient  to  read  1  or  1^  as  dose  aa  possible,  and  larger 
type  as  far  as  possible.  If  we  now  obtain  about  the  results  to  be 
found  under  d  and  e  of  the  taUe^  the  glasses  will  usually  answer.  If 
the  dmtanee  be  too  short,  the  margin  for  distinct  vision  too  small  and 

brought  too  near  the  eye,  we  must  try  weaker,  and  in  the  opposite 
case,  somewhat  stronger  glasses. 

If  we  tiud  ii,  both  this  and  the  Pr  must  be  corrected.    Let,  at 

years  of  age,  H  be  found  =  ~  glasses  iS  ~  ~|  •'^ 

indicated.    H  =       at  55  years  of  age,  indicates  glasses  of 

JL  •  -1  =  —  .  etc.  Just  as  iu  E,  we  must  then  in  this  case 
20       30  W 
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alio  farlihflr  testy  whether  the  glisBea  mdicated  m  iefeoallj  waSBaaL 
It  will  be  easily  undentood  that  the  rule  here  given  for  hyper- 
metropic indiyiduals,  is  applicable  only  to  older  hypermetropics, 
that  is  to  those  who,  when  the  H  is  neutralised,  are  presbyopic.  It 
is  in  ^eat  part  H  ac(]uisita  we  have  here  to  deal  with ;  however, 
also  when  II  originally  existed,  the  rule  de^^^crihed  is  fully  applicable, 
provided  the  time  of  life  have  reached  nearly  fifty  years,  and,  there- 
fore, the  range  of  accommodation,  and  especiallj  the  latent  part  of 
the  be  reduced.  If  H  origiiiaUy  eustedf  we  nsoally  find— at 
least  thus  £ur  I  have  found  it  so— 4hat  at  a  later  poiod  Uie  eje  lias 
oontinQed  to  employ  too  weak  glasses.  In  a  ooaple  of  trials  we  then 
readi  the  reqoired  strength.  What  glasses,  under  differait  circaBi- 
stances,  young  hypermetropics  need,  shall  be  treated  of  in  the  Chapter 
ou  11. 

IIow  far  Pr  is  compatible  with      we  have  seen  above  (p.  213). 

If  M  >  i,  ft  is,  per  se,  eauliided;  hut  in  sliglit  decrees 
o 

of  M  it  oocois  at  a  later  period.    From  the  foregoing  table 

it  appears  that  in  enunetropic  penKms  np  to  the  55th  jear 

glasses  of        up  to  the  60th  year  glasses  of  ^  are  suffi- 

cienty  etc   Now,  if  M.  of  ^ ,  of  J  ^  ,  etc.,  exists,  tiie  necesaiCy  of 

spectacles  will  be  thought  of  first  in  the  55th  and  60th  years 
respectively :  indeed  the  glasses  sufficient  for  these  ages  com- 
manicate  to  the  eye  in  emmetropic  individuals  the  degrees  of  M  just 
mentioned.  Now  where  the  myopia  does  not  wholly  compensate  the 
more  advanced  time  of  life,  it  must  in  each  case  be  snbtiacted.  If, 

for  example,  at  65  M  =  ^  exists,  we  shall,  in  place  of  glasses  of 
as  iu  emmetropic  persons,  find  glasses  of  -j^  — -      ^  or 

JL  sufBcient.   Qenerally  speaking,  I  have  found  that  myopics  re- 

quire  convex  glasses  at  a  still  later  period  than  the  degree  of  M 
should  have  led  me  to  expect,  and  that  the  glasses  required  for 
emmetropics  admit  of  a  still  greater  reduction  than  that  indicated 
by  the  degree  of  myopia.   In  the  above  example,  we  shall  often 

have  to  give  glasses,  not  of        but  only  of         The  reason  is, 


Digitized  by  Googl 


CAUS£S  OF  EARLY  PRESBYOPIA.  228 

tliat,  on  the  one  hand,  in  persons  looked  upon  as  emmetropic,  a 
toaoe  of  latent  U  easily  occursj  while^  on  the  other^  the  limited 

cKwtanfie  (for  example,  20  feet,  representbg  ^q^,  at  wbioh  the  de- 

termmation  of  M  takes  place,  may  make  it  appeal  somewhat  too 
alight. 

We  have  now  to  estimate  the  GucQmstanceSy  which,  hotfa  in  ame- 
teopk  and  in  emmetiopio  persons,  may  modify  the  degree  of  the 
reqniied.   As  saeh  we  mentioned 

a.  A  range  of  accommodation  not  corresponding  to  the  time  of  lift. 
Those  who  are  occupied  almost  the  whole  day  in  reading,  writing, 
or  other  close  work,  usually  accompany  their  demand  for  spectacles 
with  the  observation  that  their  eyes  have  certainly  suffered  much,  but 
that  thcj  have  also  exacted  a  great  deal  from  them.  I  hasten  to  set 
such  people  right.   Comparative  observation  has  shown  me  that 
nmch  dose  work  does  not  essentially  injure  the  eyes,  at  least  those 
wba6k  are  emmetropie,  and  that  the  range  of  accommodation 
diminishes  scarcely,    at  all,  more  rapidly  under  rach  circomstancest, 
than  it  does  in  agricnltuists,  sailors,  and  oUiers,  who  for  the 
most  part  look  to  distant  objects.    It  is  true  that  eyes  predis- 
posed to  M,  are,  by  much  reading  and  writing,  easily  rendered 
more  myopic,  but  these  occupations  have  no  influence  on  the  range 
of  accommodation.  The  same  is  true  of  the  frequent  use  of  the  micro- 
scope^ or  of  a  maguifying  glass,  as  is  leqoiied  in  the  work  of  en- 

1  . 

gravers  and  watchmakers :  the  regular  course  of      is  maintained 

despite  of  much  or  little  tension.  Bot  there  are  morbid  conditioiia 
whkh  cause  the  range  of  accommodation,  and  sometimes  also  the 
amount  of  refraction,  to  diminish  more  rapidly  than  usual.   In  the 

Urst  place,  general  debility,  the  result  of  exhausting  diseases,  is  to  be 
noted.  Premature  old  age,  in  general  also  deserves  to  be  mentioned. 
Of  the  influence  of  glaucoma  I  have  already  spoken.  If  a  person 
has  quickly  and  repeatedly  to  strengthen  his  glasses,  we  should 
suspect  the  existence  of  glaucoma  simplex,  and  accurately  examine 
the  teD9ion  of  the  eyeball  and  other  points  connected  with  this 
affection.  The  commencement  of  cataract  also  appears  to  hasten 
piesbyopii^  probably  through  more  r^nd  hardening  of  the  crystal- 
line lens  imeffsiing  with  its  mutability  of  form.  Emmetropic  per- 
sons are  then  apt  to  complain  that  th^  can  no  longer  accurately 
distinguish  near  objects,  which  is  to  he  attributed  partly  to  dimi- 
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nished  S,  partly  to  more  rapidly  iesseuing  ^  ,  and  they  seek  tlie  aid 


of  spectacles.    The  morbid  condition^  which 
premfttnrelj  with  the  vision  of  near  objects,  is  paresis  and  panu> 

lysis  of  accommodation.  Tliis  is  not  the  place  to  enlarge  upon 
tliis  subject,  the  last  chapter  of  this  work  shall  be  devoted  to  it. 
Let  it  at  present  suffice  to  observe,  that  ordinary  paralysis  may 
occur  at  any  time  of  life,  but  more  particularly  in  youth,  that  it 
usually  sets  in  saddenly^  and  that  it  is  further  characterised  by  a 
tolerably  wide,  immovable,  or  scarcely  movable  pupil :  it  is,  there- 
ken,  httdlj  conoeivahle  that  it  conld  be  confounded  with  true  pres- 
byopia. 

Now  where,  from  whatever  cause,     is  abnormally  dinuDished, 

stronger  glasses  are  required  than  where  -^is  normaL    This  is 

particularly  true  of  a  comparatively  early  time  of  life ;  but  at  a  more 

advanced  age     is  already^  independently  of  special  distarbanoe»  so 

reduced,  that  its  action  in  the  convergence,  whereby  the  spectacles 
produce  accurate  vision,  has  scarcely  any  influence  and  that  in  no 
case  has  binocular  vision,  with  the  use  of  the  required  convex 
glasses,  a  margin  of  any  extent.  The  knowledge  of  what 
glasses  are  necessary  follows  in  this  case,  where  we  have  not 
to  take  the  accommodation  into  account,  directly  from  the  refrac- 
tion  and  from  the  distance,  at  which  we  desire  to  see.  In  order, 
for  example,  to  see  at  12'  (which  is  suiiicieut  with  tolerably 

good  S),  the  emmetropic  person  needs  glasses  of  ^ ;  while  with 

M  =  ^  glasses  of  j^-^  =       with  H  =  ^  glasses  of  ~  + 

^  =  ^  are  necessary.    It  is  another  question,  whether  these  may 

bo  used.  To  this  we  can  in  general  only  answer,  thai  the  sole  diffi- 
cuUy  is  when  the  morbid  condition  is  such  as  to  prevent  tension  of 
vision.  In  incipient  senile  cataract  there  is  usually  no  difficulty  ;  in 
paresis  of  accomniodation,  tension  of  accommodatiou  is,  when  the 
j^yute  period  is  past,  even  desirable,  and  this  is  very  much  promoted 
^  j(la»»»eH,  whereby  the  distance  of  distinct  vision  remains  somewhat 
Hl^aier  than  the  patient  would  wish ;  but  in  threatening  ghmconia. 
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pradenoe  requires  ns  to  aroid  tension  of  the  eyes,  and  we  are  there- 
fore recommended  not  to  permit,  unless  exceptionally,  the  use  of 
spectacles  with  which  the  patient  can  read  or  work  at  near  objects. 

6.  Diminuhed  acuteness  of  Vuion. — The  distance  of  distinct  vision 
at  different  periods  of  life!»  estiiQated  to  be  ueceasaij,  aod  therefore 
to  be  obtained  by  means  of  convex  ^asBee,  is  in  close  connexion 
with  S.  Consequently  with  the  incfease  of  yean,  to  which  diminution 
of  Sis  related,  we  find  this  distance  lessen  (compare  the  table).  Where 
marbidfy  diminished  8  is  concerned,  we  can  take  this  also  into 
aooouit  in  the  determinalion  of  the  glasses:  we  can  canse  the 
Tetinal  images  to  become  greater  about  in  the  same  proportion  as 
the  acuteness  of  vision  diminishes.    This  is  to  be  attained  simply  by 
means  of  stronger  gla^sses.    Not  only  do  these  bring  the  distance  of 
distinct  vision  nearer  to  the  eye,  but  they  also  make  the  angle,  under 
which  the  object  is  seen,  increase  in  a  still  greater  zatio  than  the 
distance  <liinim«KA«  (compare  p.  152).    They  can  thus  render  ordi- 
naiy  dose  msdi  still  possible  with  diminished  S.   The  question 
liowefer,  is:  may  this  means  be  empbyed?   We  nnist  admit  that  its 
application  is  liaUe  to  great  restrictions.  In  the  first  place,  in  acute 
diseases  of  the  eye,  with  diminished  8,  all  tension  is  injnrions,  and 
the  eyes  may,  in  the  hope  of  improvement,  be  allowed  to  rest.  And, 
as  to  chronic  diseases  and  defects,  even  in  these  diminished  S  cannot 
unconditionally  be  compensated  by  stronger  glasses.    In  general  it 
is  to  be  considered  that  the  limits,  within  which  compensation  is 
poesibk^  are  rapidly  attained  through  too  great  proximity,  and  that, 
in  proportion  as  we  approach  these  limits,  the  survey  of  objects 
becomes  lesa^  and  the  necessity  increasei^  of  keeping  the  same 
distance  nndianged,  beyond,  or  short  of  which,  with  the  range 
of  accommodation  still  diminished  by  glasses  and  the  comparatively 
wide  pupil,  objects  cannot  be  properly  distinguished.    A  peculiar 
weariness,  in  consequence  thereof,  soon  makes  itself  felt.  Moreover 
the  bent  position  acts  injuriously,  which,  if  the  distance  of  distinct 
vision  is  verv  short,  cannot  well  be  avoided.    Where  the  accommoda- 
(ion  and  refraction  must  be  aided,  convex  glasses  seldom  give  any 
annoyance ;  but  where  the  acuteness  of  vision  fails,  we  must,  so  for 
as  practicable,  rather  meet  the  difficulty  with  larger  objects  than 
with  larger  images,  by  abnormally  diminished  distance  of  the 
objects.   All  thifl^  finally,  renden  tiie  cases  rather  rarc^  in  which 
the  annoyance  cf  iKminkhAii  8  can  be  met  by  the  use  of  stronger 
gUsses.  The  latter  is  endently  nnadvisable  in  chronic  keratitis  or 
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iritu,  and  even  in  apparent  tendenoj  to  mikimmetion ;  in  deqper- 
aeated  oongestire  affections  tension  is  even  to  be  oonsiderod  dnngeroiin. 

It  is  counected  with  the  least  inconvenience  in  chronic  opacity  of 
the  cornea,  in  uncomplicated  incipient  cataract,*  in  congenital  am- 
blyopia from  unknown  causes,  and  finally  in  disproportionately 
rapidly  diminishing  acuteness  of  vision  in  advanced  years — senile 
amblyopia.  We  ahould,  under  these  drcomstanoes,  recommend  the 
use  <^  large  type^  and  in  general,  ocmpation  with  eoarser  work  ;  but 
if  fine  work  cannot  be  avoided,  the  glasses  ieqaired  should  be 
strengthened  so  fitt^  that  the  desirable  degree  <tf  distinct  vision  should, 
without  too  much  dhtt,  be  obtained.   That  we  must  sometimes 

*  Cataraot  or  opacity  uf  the  lens  is  divided  into  primary  and  secondarj : 
the  latter  ia  developed  seoondarily,  in  oonseqaenee  of  dineaaen  of  flie  fiiadai 
oonli  (ohorioiditia,  xetmitii,  etc.),  extending  through  the  vitreoua  humour  to 
the  lens.  The  first  is  ooneidered  to  arise  independently  and  primarilj  in'  tiio 
lens.  The  seoondaij  nature  of  oatanot  we  may  infer,  when  tfw  pre- 
ceding disease  of  the  fondns  oonli  is  rocognised,  or  when  the  field  of  wUkm 
is  limited  or  the  power  of  vision  has  evidently  suffered  mora  tiitt  is 
•  to  be  oxplaiaod  hj  the  obseuration.   To  look  upon  all  other  cases  as 
primaiy  is,  however,  an  error.    Where  tlie  characters,  just  mentioned,  are 
wantinp,  the  cataract  is  nevertheless  often  secondary.    1  will  go  so  far  as  to 
assert,  that  in  comparatively  young  persons  spontaneous  primary  cataract 
very  rarely  occurs.    Often  we  can,  in  the  commencement,  establish  the  pre- 
sence of  slight  deviations  in  the  fundus  oculi ;  not  unfrequently  also  we  find 
turbidity  of  the  vitreous  humour,  and  rarely  are  the  phenomt^ua  absent 
which  indicate  a  oongestiye  condition.   The  primary  disturbance  need  not 
therefore  Interfere  mueh  with  the  power  of  Yiiion ;  especially  when  it  Is 
situated  in  the  anterior  pert  of  the  €horioidea»  Utde  or  no  InoouTenlenee  Is 
feltfromit  ButthatluBUttyeaieaioaMdlituihaaeeof  the  Amotion  of  the 
retina  is  connected  withiti  ieahowuby  the  improrement  of  A',  whleh  lsT«y 
often  obtained  in  the  comniflnoement  of  oataraet^  by  therapeutio  treatmenti 
— and  even  by  the  discharge  of  the  aqueous  humour,  without  the  opacity 
of  the  crystalline  lens  (it  has  been  very  ingennotisly  admitted)  undergoing 
the  least  ohanp:c.    A  practical  observation  may  here  be  made  Through 
a  certain  charlatanophobia  {ftit  venia  verba),  which  made  charlatanism  to  be 
seen  where  it  did  not  exist,  many  have  thought  they  ought  to  refrain  from 
all  treatment  in  the  commencement  of  cataract.    Now  this  is  certainly  not 
for  the  interest  of  the  patients.  To  think  of  solution  or  diminution  of  senile 
oataraet»  appeafi  to  me^  from  a  physiological  point  of  view,  an  absurdity. 
Other  mori>id  ehaagea  of  the  lens  give  way  also  only  in  exoeptional  oases. 
But  hearing  in  mind  the  frequent  eomplioatioas»  treatment  Is  here  oAea 
dediaUe,  sod  hygienio  presoriptioas  are  aboolutdy  aeoeasary.  Thofefion, 
too,  great  oantion  ia  requisite  with  refereaoe  to  aUowIng  the  use  of  ooam 
glasses. 
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m.  y/tirj  ahoit  duteneej  fot  the  nke  of  lanooiilar  riaon,  lunre  to 
ioiMl«id  with  the  difficulties  of  convergence,  will  immediaitdy  more 

xtlly  appear. 

c-  2^/^  nature  of  the  work  to  be  performed, — Two  points  are  here 
to    1>€  distingTiished.    In  the  first  place,  the  minuteness  of  the 
ol^ject^s,  which  renders  it  necessary  that  the  work  should  be  per- 
£oraQed  dose  to  the  ejre,  and  theiefoie  with  zelativelj  stronger 
^ajsses.   For  Mme  wodc  even  the  young  nonnal  ere  is  insnffident. 
^tfinute  drawing;  engnmng,  watch-making,  and  some  anatomical 
tjycwUioiia,reqiiirBtheeongtontnaeof  thein^^  Inother 
woik  the  eje  most  at  leasts  with  noima]  8,be  still  acoommndated  for  the 
^Bslanoe  of  from  4'  to  6^.  Hence  convex  glasses  are  even  early  neoes- 
sarj'  to  render  permanent  accommodation  for  that  distance  ])Ossible. 
Rut,  apart  from  its  mniuteness,  the  nature  of  the  work  sometimes 
requires  a  (letiiiite  distance  :  in  writing  in  large  reixisters,  in  reading  in 
tlie  pulpit,iu  the  use  of  certain  musical  instruments,  it  is  often  desirable 
ihat  spectacles  should  bring  the  distance  of  distinct  vision  to  one  and 
^half  or  two  feet,  and  therefore  weaker  glasses  are  nceessaiy  than 
asB  given  for  wridDg;  and  partioularij  for  reading.    Onided  by 
aonnd  principles,  we  veij  soon  find  pmoticallj  what  f^asses  fulfil  the 
object:  an iDsopenble  difficulty  springs  only  from  diminished  8; 
with  this,  as  sbdl  hereafter  appear,  we  have  to  contend  most  in  the 
case  of  M. 

1  have  thus,  1  think,  laid  down  tin-  principal  points  which  nuist 
guide  us  in  the  choice  of  spectacles  for  pre>l)\ ()|)ic  jx  rsons.  Some 
observations  on  the  form  of  these  auxiliary  glasses  may  here  not  be 
out  of  phuse^  In  general,  oval  glasses  in  a  frame,  with  wings  resting 
on  the  ears,  placed  at  a  certain  inclination,  so  that  in  work  the  axes 
of  the  loesses  coincide  neaify  with  the  axes  of  vision,  are  to  he  pre- 
laned.   The  nasal  portion  should  have  such  a  fonn,  that  in  looking 
at  a  distance,  in  the  horizcotal  direotion,  the  person  wearing  the 
ipeekacles  diouldbeaUe  to  look  over  the  glasses;  and  if  this  should 
be  attended  with  any  difficulty,  the  rings  might  be  tlatteued  above 
(the  pantoscopic  spectacles  of  Smee).    Some,men,  from  habit,  wish 
for  round  glasses,  which  we  may  safely  allow  :  they  are  usually 
old,  quiet  men,  who,  when  they  desire  to  look  at  distant  objects, 
simply  take  off  their  spectacles.    Others  are  not  at  all  content  with 
looking,  thus  nnaided,  at  distant  objects  over  their  spectacles;  they 
prrfer,  as  hypometropics,  wearing  spectaeles  insufficient  to  read 
wiih,  and  they  do  not  see  accurately  over  their  reading-glasses ;  or 
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thej  have  at  the  same  time  M  and  Pr,  and  desire  with  rapid  altemii- 
tioa  to  read  through  their  apectadeBy  and  to  see  distant  ohjects^ 
whether  in  their  office^  or  as  teachers  in  a  school,  or  in  the  theatre, 
or  elsewhere.  This  wiali  may  be  gratified  by  means  of  glaases 
h  double  /oyer.  With  these  some  express  tiiemsdves  satisfied; 
in  the  case  of  others,  rays  fall  at  the  same  time  throucjh  both  sur- 
faces of  curvature  upon  the  eye,  and  these  give  them  up  again.  I 
found  these  glasses  most  satisfactory  for  presbyopic  painters,  who 
require  to  look  through  the  iii)per  half,  at  a  certain  distance,  at 
persons  or  at  nature,  while  the  lower  half  is  to  bhug  the  distance 
of  distinct  vision  on  the  canvass  or  cm  the  paper.  White  Cooper* 
states^  that  Sir  Joshua  Beynolds  was  much  in  the  habit  of  using 
such  glasses  when  painting  his  inimitable  portraits. 

The  stronger  the  glasses  are^  the  more  attention  must  be  paid  to  their 
mutual  distance.  Oreat  accuracy  is  seldom  required  either  in  Plr— > 
where  somewhat  more  or  less  convergence  of  the  visual  lines  has  so 
httle  influence  on  the  accommodation — or  in  youthful  range  of  accom- 
modation, which  leaves  a  proportional  space  for  the  binocular.  There- 
fore, it  is  usually  sufficient  to  mention  to  the  optician  only  when 
either  a  particularly  great  or  a  particularly  short  distance  of  the 
glass-bearing  rings  is  necessary,  and  in  the  absence  of  such  direction 
to  let  the  medium  be  used ;  in  giving  directions,  let  it  be  bone 
in  mind  that  the  less  the  distance  for  which  the  glasses  are  to  be 
Qsedj  the  closer  they  must  be  to  one  another.  Bnf^  so  soon  as 
insufficiency  of  tlie  internal  or  external  recti  muscles  in  binocular 
vision  threatens  to  give  rise  to  muscular  asthenopia,  it  is  of  impor- 
tance that  the  mutual  distance  of  the  glasses  should  not  aggravate 
this,  but  should  rather  counteract  it.  Now,  less  convergence  of  the 
visual  lines  is  required  when  convex  glasses  are  placed  nearer  to  one 
another,  and  concave  further  from  one  another,  and  vice  versd. 
If,  thenlorcy  the  internal  recti  musclea  are  insufficient^  we  should 
take  care  that  the  axes  of  the  convex  glasses  are  closer  to  one 
another  than  the  visual  lines;  in  this  mannerwe  can,  where  stron^y 
oonyex  glasses  are  necessary,  veiy  much  assist  the  internal  musdes^ 
and  the  images  obtained  are  not  perceptibly  worse  than  those  we 
get  with  a  similar  effect  through  prismatic  glasse^^.  Whether 
spherical  glasses  alone  are  sufficient,  and  how  great  their  mutual 
distance  must  be,  we  can  ascertain  best  with  the  frame  of  v.  Jaeger 
(compare  p.  97).  If  they  are  insufficient,  we  should  give  the  com* 
*  Om  Nmt  Sight,  «U.  London.  1853,  p.  301. 
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binatious  with  prismatic  glasses^  or  perform  teiiotumy  according  to 
the  indicatioaB  laid  down  by  YOn  Graefe.*    Nearly  always,  wbeie 
sfcronglj  convex  glasses  aie  required  to  make  binocular  vision 
poasible  at  a  short  distance,  it  is  desirable^  bj  placing  the  glasses 
oompaiativelj  near  one  another,  to  assist  the  internal  recti  muscles 
of  the  eye.   Where  very  short  distances  sie  concerned,  the  dUteeU 
ing  speeiaeles,  constructed  and  recommended  by  Bruecke^t  with 
convex  prismatic  glasses,  come  into  operatiou.    Besides  the  spec- 
tacles, two  kinds  of  lorgnettes  are  in  use.    Those  ordinarily  em- 
ployed by  ladies,  where  the  glasses  are  at  a  fixed  distance,  are 
attended  with  no  inconvenience  when  it  is  necessary  to  look  for  a 
short  time^  or  to  do  anything  for  which  both  hands  are  not  reqniied^ 
for  one  is  occupied  in  holding  the  glass.    But^  for  constant  use,  we 
should  at  the  same  time  give  a  pair  of  q^ectades.   The  glasses  of 
the  lorgneUe  may  he  somewhat  stronger:  during  the  short  time 
they  are  used,  uo  injury  is  experienced,  and  the  advantage  is  gained 
of  being  able,  when  necessary,  to  distinguish  smaller  things.  In 
the  so-called  nipping  spectacles,  used  particularly  by  gentlemen,  the 
distance  of  the  glasses,  deteniiined  by  the  tliickness  of  the  nose,  is 
usually  too  short.    Therefore,  if  the  glasses  are  strong,  the  person 
wearing  them  sees  with  too  shght  convergence,  unless  the  short 
distance  of  the  lings  be  compensated  by  the  axes  being  placed  to  the 
outside  of  the  centie. 

Beaduig-i^ssseflt,  which  magnify  the  vinial  ang^  and  are  thus  in 
some  cases  useful,  give  at  the  same  time  to  the  rays  proceeding  from 
a  point  a  direction,  as  if  they  proceeded  from  a  more  remote  pouit. 
Myopics  can  therefore  make  use  of  reading-glasses  only  when  they 
come  nearer  to  the  object  than  the  distance  at  which  their  farthest 
point  lies.  The  recession  of  the  objects  increases  with  the  increase 
of  the  distance  between  object  and  glass.  So  soon  as  the  distance 
is  equal  to  the  focal  distance  of  the  glass,  the  rays  proceed  in  a 
paraUel  direction,  and  the  object  appesrs  to  be  at  an  infinite  distance. 
Thus  fur  therefore  emmetropics  can,  provided  the  accommodation  be 
totally  relaxed^  see  through  the  reading-^ass^  and  thus  attsin  the 
highest  d^ree  of  magnifying  power;  shnple  presbyopics,  who  put 
their  accommodation  little  upon  the  stretchy  always  keep  the  glass 
nearly  at  this  distance,  because  they  soon  see  less  accurately  when 
the  glass  approaches  the  object.    At  what  diataucc  the  eye  is  from 

•  ArchiVf  B.  viii.,  Abth.  2. 

t  Arehw,  B.  v.,  Abth.  2,  p.  180. 
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the  fjlass,  is  of  little  ronJH'quence :  only  the  fi(^ld  of  \ision  becomes 
less,  in  proportion  as  the  eye  removes.  If  the  distance  between  the 
object  and  the  xeading-glaM  becomes  greater  than  the  focal  distanoe 
of  this  lait>  the  nji  fall  oonvesgingly  into  the  eye,  and  it  is  in  this 
manner  that  hjpermetiopieay  and  eapedally  hjpenDedopio  pies* 
bjopid^  make  nae  with  mach  adTsntage  of  a  nading-glaaa,  and  by 
its  means  obtam  a  high  magnifying  power. 

In  the  nse  of  reading-glasses  binocular  vision  is  usually  sacrificed : 
the  one  eye  looks  through,  the  other  close  to  the  readiiig-i^lass,  best 
with  nearly  parallel  visual  lines;  on  account  of  their  indistinctness 
the  images  have  no  disturbing  influence  on  the  second  eye,  and.  the 
spectator  even  fancies  that  he  sees  binocularly. 

If  no  great  magnifying  power  be  desired,  we  can  also  see  binocu- 
\ar\y  through  one  glass,  for  which  purpose  the  latter  must  then  be 
held  doser  to  the  objeot.    In  doing  so  less  eonTeigemse  of  tlie 
▼isoal  lines,  and  at  the  same  time  less  tension  of  acoommodataon^  as 
leqniied,  than  in  looking  at  the  same  object  without  the  intervention 
of  a  reading-glasjj,  and  the  object  therefore  appears,  according  to  the 
laws  of  stt^reoscopy,  to  lie  further  off.    However,  even  in  the  com- 
nienccnient  of  presbyopia,  the  tension  of  accommodation  required  is, 
in  reference  to  the  necessary  convergence,  quite  too  great,  so  that 
binoouhir  vision  through  the  mum  i^dass  is  possible  only  for.  yoimg 
persons,  and  for  older  individuals,  who  are  somewhat  myopic.  It 
is  best  attained^  even  in  incipient  presbyopii^  when  we  begin  by  hold- 
ing the  glass  at  fiist  near  the  oljeot^  and  then  gradnaUy  lemove  iL 
In  general,  however,  it  mnst  be  stated,  that  binocolar  viabn  tfaiongh 
a  leading-ghiss  is  possible  to  presbyopics  only  when  they  are,  in  ad- 
dition, aided  by  weak  convex  spectacles.*  Consequently  these  glasses 
in  general  serve  only  for  monocular  vision,  and  they  are  especially  to 
be  recommended  for  the  purpose  of  magnifying  minute  objects  of  art. 
For  reading  their  use  is  seldom  advisable.    They  come,  however, 
under  notice  where  diminished  S  renders  a  magnifying  power  neces- 
sary, whi«^  is  obtainable  by  means  of  spectacles  only  for  a  short  dis- 

*  It  may,  in  paaaiiig,  be  obMrved,  that  an  emmetropic  person  (the  myopio 

find  the  hypermetropic,  of  course,  also,  when  their  ametropia  is  reduced)  can 
comhino  two  figures  stcreoscopically  through  a  reading-glass.  The  figrures 
must,  however,  lie  closer  to  one  another  tlian  for  ordinary  stereoscopy,  and 
08,  with  too  strong  convergence,  we  see  the  image  situated  to  the  right  with 
the  left  eye,  and  vice  versd,  the  figures  must  also  be  changed,  the  left  for 
t  he  right,  and  vice  verta,  if  we  wish  not  to  aee  them  pseudo-stereosoopically. 
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wa.nce  from  the  eye.    For  the  special  purpose  of  reading,  l)ro;\d 
f^Lasaes^  ground  abo?e  and  below,  are  the  mosi  suitable,  and  in  par- 
tiiciilai'  bic/lindrical  convex  glassy,  with  intersecting  axes,  deserve  to 
Ve  reoomraended :  the  dioptric  action  of  these  ^asm  (compare 
Am^iffmatim)  is  nearlj  equal  to  that  of  spherical  glasses ;  but  th^ 
are  disfchigiiislied  bj  the  fact  that  thej  have  the  greatest  field  of  dis- 
tinct 'vision  in  the  direction  perpendicular  to  the  axis  of  the  surface 
turned  towards  the  eye,  so  tliat  by  turning  the  surface  with  vertical 
axis  towards  the  eye,  wc  possess  in  reading  the  advantage  of  having 
a  good  image  over  an  extensive  field  in  the  horizontal  direction. 
No  particular  results  are  observed  from  the  use  of  convex 

glasses.  It  is,  however,  true,  that  when  a  person  with  stiU  sufficient  ^ 

in  oidinaiy  work  regularly  employs  them — ^in  other  words,  renders 

himself  myopic,  the  relative.-^  will  change,  and  be  modified  in  the 

same  direction  as  in  myopic  individuals,  and  that,  consequently, 

nKhongh  ^  should  not  subsequently  be  changed,  he  will  have  diffi- 

culty  in  accommodating  himself  permanently  for  the  distance  of  the 
point  of  convergence.    For  this  reason  also,  I  gave  my  opinion 
against  the  so-called  conservative  spectacles,  that  is,  against  the  pre- 
mature use  of  convex  glasses:  they  then  soon  become  a  necessity, 
and  hsaten  in  emmetropic  persons  the  difficulty  of  seeing  aocuialely 
it  the  distance  in  the  point  of  oonvergence.   Even  after  a  single  trial 
this  may  be  observed,  hut  of  course  it  then  soon  disappears  agam. 
In  using  optical  instruments  with  one  eye,  we  generally  lay  it  down 
as  a  rule^  that  in  order  to  avoid  injuring  the  organ,  it  must  be  re- 
laxed to  its  farthest  point.    I  have  for  many  years  kept  this  in  \iew 
in  employing  tlie  microscope  and  in  the  use  of  magnifying  glasses. 
However,  the  idea  of  the  proximity  of  the  object  easily  produces  a 
^ht  convergence ;  and  if  I  have,  avoiding  all  tension  of  accommoda- 
tion, continued  this  for  some  time,  I  experience  difficulty,  on  discon- 
tuiuiiigit,in  accommodatingfor the  point  of  convergence:  this  difficulty 
continues  longer,  the  longer  I  had,  at  a  certain  convergence,  relaxed 
my  power  of  accommodation  as  much  as  possible.   I  cannot,  there- 
fore, recommend  to  the  emmetropic  to  totally  relax  his  accommoda- 
tion in  using  the  microscope,  the  less  so,  because  by  doing  this,  he 
will  soon  find  difficulty  in  applying,  in  measuring,  the  method  a  double 
which  in  so  many  respects  commends  itself  to  our  adoption. 
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Essential  injuries  to  sight,  which  are  often^  with  so  macb  exaggera- 
tion, predicted,  T  have  never  seen  arise,  even  from  an  undue  use  of 
convex  glasses?.  On  the  eontrary,  as  will  appear  in  the  Chapter  on 
M,  an  inconsiderate  use  of  concave  glasses  may  be  very  dangerous. 


KOTB  TO  I  18. 

I  have  thonght  it  wdl  to  exemplify  the  applkatioii  of  the  pn 
I  have  laid  down  mpectuig  the  use  of  conyez  glasses^  by  some  cases 

taken  from  life.  The  reader  will  excuse  me  if  this,  for  him,  is  quite 
superfluous. 

1.  Commencement  of  simple  presbt/opia,^!).,  a  olerk,  aged  48»  aaks  for 
■peotades,  beoanse  he  begina  giadnaUy  to  ilnd  gfeattr  ^SMkf  ia  distia- 
gvialuiig  raaall  writing  in  the  etening,  and  tometmiet  makea  nuftakaa  in 

20 

flgmes.  HiB  work  does  not  otherwise  fatigue  him.  He  has  S  =  (he 
tees  No.  XX  at  20*  diiianoeX  u  enuaelTOpio  (seea  XX  at  20^  not  lo  well 
thsoqg^  eiflier  ^  <v  ~       »       by  daylight  reads  1|  with  greater  ease 

at  Itf*  than  at  10*.  He  reoMTOs  glaaaea  of  ~,  whioh  give  a  spaoe  of  from 

7"  to  r/,  to  use  in  the  evening,  and  also  by  day  in  dark  weather,  and  subse- 
quently when  he  experiences  difficulty,  r^^nlarly.  When  the  necessity  has 
become  constant,  the  period  will  have  approached  at  which  the  advisability 
of  strengthening  the  evening  glasaei  most  be  considered. — After  some  weeks, 
he  ttetse  that  he  oan  no  longer  dispense  with  the  ipeetaoiei  in  the  evenug. 
We  readify  believe  him. 

2.  Moderaie  PrfWHh  adem§  io  i$$  at  morttkamiht  mual  didanee^lb, 

17  1 
R.,  aged  58,  is  emmetropic,  has    =  20        ^^^^  spectacles  of  j^,  which 

give  him  in  reading  a  binocular  space  of  from  16'  to  1 1'.  With  these 
spectacles  he  sees  well,  with  the  book  in  his  hand;  but  his  handwriting, 
which,  while  he  ii  iaotnring,  lies  at  20^,  he  does  not  eaaily  dintinguish, 

and  his  auditors  ere  in  a  adit  He  geU  periaoopio  glasses  of  ^  with 

rings  flattened  above,  which  he  finds  to  meet  all  his  requirements.  lie  may 
use  the  same  glasses  in  writing  and  for  ordinary  reading  by  day.  lot 

reading  raiaU  print  in  the  evening,  his  glasses  of     are  to  be  iwom- 

mended. 

8*  Advanced  Pr,  tp^  JT.  acq.  and  dimmuM  A-^L.,  aged  78^  hu 
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'B's  ^^8^  istimd  of  nading  (**t]ie  only  tUsg  whioh  Mmaiaed  to 
hiTn  aad  oaanot  do  so  oorreoUy  with  bis  speotacles,  partioularlj  la  the 
mwtmg I  ht  ii  10011  tizod.  He  has  glanes  of     whioh  make  P^nmAj  s 

-S,  =  13'.  He  gets  glaaaee  of  ^  sees  with  them  at  U',  and  is  ^uite  satisfied. 

I^oge  print  18  reoonunended  to  him.  With  the  ophthahnoooope  we  aee, 
wlien  the  axes  of  Tiaum  ate  directed  downwards,  traces  of  radiating  opaoity> 
wliieh,  howeyer,  are  not  the  cause  of  the  diminished  S.  I  do  not  hesitate  to 
permit  him  the  free  use  of  the  speotacles,  nor  shall  I  hesitate  to  give  him 
stronger  glasses,  when,  with  «iiminiAiag  s  and  increasing  M,  the  latter 
•hall  be  more  agreeable  to  him. 

4.  Commencement  of  Presbyopia,  with  myopia. — Prof.  S.,  aged  56,  cannot 
sufficiently  praise  the  excellence  of  his  sight.  "  I  see  admirably  at  a  dis- 
tance, read,  write,  and  draw  without  difficulty,  even  in  the  evening."  Go 
on/'  is  my  answer.  Prof.  S.,  aged  62  :  **  I  still  osnally  see  veiy  well,  but 
tliA  work  is  iometimoa  diflonlt  to  me  in  the  evening.  Should  I  alao  need 
•peetades?"  Hei^ada  1|  by  preferenoe  at  14',  deeiphera  it  still  at  18*, 

1"5 

and  therefore  has  S  =  about  ^ ;  on  the  contrary,  without  spectacles,  only 
andwith  — ^,to  hia  amaioment,^.     Waa  I  thon  veally  myopic  P  " 

Ho  gets  1,  irith  n  leoommendation  to  use  them  in  the  efvening.  *'11ieoe 

glasses  magnify,  and  at  a  moderate  distance,  for  example  li',  I  see  by  no 
means  so  well  with  as  without  glasses."  I  answer :  That  is  unavoidable, 
at  60  yean  of  age  wo  ean  with  no  glaaaea  in  the  world  see  both  distant  and 
near  oliJoelB,«hnt  aet  the  speotaelea  aomewhat  lower,  lo  that  at  pleaaore  you 
can  see  over  them,  ornse  rings  flattened  above." 

fi.  SUgkt  J7,  requiring  convex  gbueee  he/ore  the  uewd  a^.— Madaao  T.  L. 
oomplaina :  "  I  have  done  mnoh  work,  and  apoiled  my  eyes ;  I  am  only  36 
years  of  age,  and  I  can  no  longer  see  anything  in  the  evening.**  **Not 
read  ?  "  "0  yes,  but  I  can  do  no  fine  work,  and  reading  also  tires  me  ;  I 
get  terrible  neoralgio  headaoh,  for  whioh  my  doctor,  and  also  Br.  the 

20 

bomflBOpath,  have  given  me  all  aorla  of  things  in  vain."  She  haa  i9  = 


with-^  mora  easily  atiU  and  therefore       s  -L.    She  will  de- 


deaifaWo,  indeed  neoeesaiy,  even  by  day,  partioolarly  if  yon  wish  to  be  free 
from  your  nervooa  headaoh.  Beaideot  by  the  proper  nae  of  speotaelea,  when 
yon  ara  alone,  you  avoid  fatigue,  and  yon  will  now  and  then  he  able  in 
oorapany  to  work  at  intervals  without  glasses."  "Is  it  not  the  ease  that 
I  have  spoiled  my  eyes  ?"  "  Not  in  the  least ;  the  form  of  your  eye  is  the 
original  cause  of  your  requiring  spectacles  at  a  comparatively  early  age. 
Perhaps  other  instanoes  of  the  same  are  to  be  met  with  in  your  family?  " 


ft 


"It  ia 


Digitized  by  Google 


231 


TREATMENT  OF  PRESBYOPIA. 


"It  is  possible,  but  I  had  alvays  meh  good  and  can  see  so  far. 
Can  I  do  Bofhing  to  strengthen  them?'*  "Often  rest  it  the  chief  thing* 
Cool  them  worn  and  then.   Rub,  if  you  ohoooOt  a  little  eaa  de  Cologne 

over  the  eyebrows,  but  put  nothing  into  the  eyea,  and  depend  i^on  it* 

the  spectacles  will  cure  your  nervous  headach/' 

6.  Pr,  tcith  M ;  rcndt'ni/  at  more  than  the  usual  distance. — Madame  XT., 
aged  65,  can  in  clear  daylight  still  easily  read  good  print,    jlf  is  suspected 

and  found  ae  ^  <8=^.   She  haa  apeetaelea  of  ^,  but  theae  tire  liflr» 

and  tile  letters  are  not  blaok.  iZ^  is  at  tiie  aame  time  s  IS*,  i*,  aoi 
mueh  leai*  Somewhat  aurpiiaed  at  her  atatemeoti  I  leqfoeat  h&t  to  liolil 
the  book  in  her  naual  way.  flha  laya  it  flat  on  the  tebia,  heida  hnraelf 
quite  straight  on  her  ehair,  and  ia  thus  at  a  distanoe  of  nearij  18*.  Svi- 

deutly  for  sneh  use  the  spectaoles  were  too  strong ;  she  required  which 

gave  her  a  spaoe  of  from  17'  to  15'.  For  very  small  type  she  would  do 
well  to  use  the  stronger  glasssa.  never  lead  small  print»"  waa  hier 
answer. 

7.  Hapidhj  decreasing  accommodation,  trith  tncijn'eht  cataract. — Heer  H., 
aged  45.  His  vision  has  for  some  time  l>cen  less  accurate  than  it  was, 
particularly  for  near  obj  ects,  and  he  has  used  spectacles  only  at  his  work. 
I  suspect  the  existence  of  slight  J7.   It  appears,  however,  that  the  eyes  are 

emmetropio,  with  S  s  ^»  Without  speotaoles  he  oannot  read  even  HI, 

for  which,  with  perfect  accommodation  for  1'  distance,  only  ^9  s  ^  would 

be  neeessary.  There  is,  therefore,  evidently  a  very  slight  power  of  accom- 
modation. The  ophthalmoscope  and  focal  illumination  reveal  radiating 
opacity  of  the  lens,  portioularly  inferiorly,  with  extremely  slight  granular 

tnrbidity.  Thus  the  diminution  of  S  and  of  ^  ia  eacplained.  The  papilla 

nervi  optici  is  redder  (capillary  hypertemia)  than  is  proper  to  tiie  time  of 

life;  the  fundus  is  otherwise  normaL    With  ^  III  ia  easily  read  at  13'; 

Tgliea  at  the  same  time  at  about  18';  at  10*.  He  must  make  only 
BBoderate  use  of  thaaa  glasssa,  avoid  too  mueh  laterally  inddent  light,  be- 
ware of  a  bent  position,  and  to  this  end  write  ataninolined  desk,  take  care 
to  keep  his  feet  warm,  avoid  whatever  can  cause  oongestion  of  the  head,  oool 
his  eyes  often  with  cold  water,  frequently  rub  a  spirituous  fluid  strongly 
over  his  eyebrows,  report  himself  again  at  the  end  of  six  months,  or  sooner 
if  anything  particular  should  occur.  I  say  nothing  of  cataract ;  "his  eyes 
are  in  a  congested  state." 

8.  Rapidhj  increasing  presbyopia  with  H  acquisitay  tcith  glaucoma  simplex. 
— Madame  K,  aged  64,  saw  perfectly  well  until  her  47th  year ;  in  her  48th 
year  she  began  to  use  weak  apeetaelea  for  flne  wqiIe  in  the  evening ;  these 
answered  her  purpose  up  to  her  52nd  year,  she  then  got  etronger  glasses, 
but  now  oonatantiy  reqnirea  still  stronger,  and  even  with  tiMm  she  does 
not  see  with  iSMility.  l%e  eomplaina  of  weariness  and  a  feeling  of  preasnre. 
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At  preMUt  die  naet  j^,  and  with  fhem  lees  at  14',  not  mndb  duMr.  This 

I^TMt  distanoe  is  ezplainad  by  H     whisht  in  sonnajdoii  with  her  aoea- 

imte  vision  at  47,  is  looked  upon  as  aoqniiita.  In  any  oase*  ^  seems  to  be 

21 

▼lesy  limited.  However,  ^is  s     and  is  therefore  very  satislSutoiy.  On 

Ivandlin^  the  eyeball,  it  feels  too  hard  ( T^  on  the  right  and      on  the  left 
eye,  according  to  Bowman).    This  indicates  y/awroma  simplex.    With  the 
opKtlialmoseope  commencing  excavation  of  the  optic  nerre  is  recognised,  and 
on  siiglit  pressure  with  the  little  finger  arterial  pulsation ;  there  is  no  re- 
■tiietiont  hot  in  feehle  light  there  is  lets  eertain  distingnishing  of  the 
fioigen  intbeinnerpartof  theiisldof  visieo.  The  ills,  the  siie  and  noUUty 
oftib*  pnpiUtfaadepthof  theehambnofthe  eye,and  the  sensibilify  of  tbe 
otgan*  axe  still  nsnnali  than  an  no  edonied  rings  about  the  eandlee;  the 
sabeonjunetiyal  vessds  are  perh'ape  somewhat  dilated.  I  speak  seriously 
to  bar:  "There  is  the  oommencement  of  a  disease  of  much  consequenoe,whidi 
la  Bometiraes  rapidly,  sometimes  slowly  developed.  Art  can,  however,  prevent 
it,  for  this  I  can  answer.  I  shaJl  expect  to  see  you  again  in  a  month.    If  red- 
ness or  pain  come  on,  come  to  me  immediately,  even  if  you  are  indisposed,  for 
by  nejjlect,  but  by  neglect  alone,  irretrievable  blindness  might  be  the  result. 
I  shall  ;;ive  you  a  few  lines  for  your  medical  attendant    Meanwhile  you 
must  bpare  your  eyes.    Reading  I  will  not  absolutely  forbid,  but  use  a  large 
print,  stop  often,  and  immediately  whenever  you  haye  any  feeling  of  uneasi- 
neaa."  Tbsss  weids  are  the  introdnetion  to  the  proposal  of  irideetomy,  whidi 
at  tha  ftUowing  risit  she  has  to  ej^eet  Hnmanily  nigenUy  requires,  that 
pHjjoiSSm  and  iignsnaea  should  no  longer  oppess  tiie  use  of  irideetomy  in 
f^laQOOBBa* 
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HTFERlfBTBOPIA.  H. 

§  19.  DioFuuo  DxnifmQir  of  tbm  dvfxsxnt  Dsobbbs  Am 

F0BK8  OF  HiPssmncBOPiA. 

The  refracting  system  of  the  emmetropic  eje  lias,  as  we  have  seen,  in 
the  state  of  rest  of  acoommodatioD,  its  focus  on  the  layer  of  rods  and 
bulbs  of  the  retina :  parallel  rays^  derived  from  infinitely  remote  ob- 
jects, refracted  by  the  media  of  such  an  eye,  there  unite  in  a  focus 
(Fig.  112  The  £uthe8t  point  of  distiiict  vision  rtheidbie  lies  at 
an  infinite  distance,  that  is,  at  the  limit  of  our  necessities. 

Fig.  113. 


From  this  ideal  state  the  eye  may  deviate  in  two  rospects  and 
become  amefropk.  The  focus  of  the  dioptric  system  may  be  situated 
in/hiU  qf,  or  6ekmd  the  byer  of  rods  and  bulbs.  In  tlie  first  case 
the  eye  is  myopic  (Fig.  113),  in  the  latter  it  is  hyjjcrnietropic  (Fig. 

Fig.  118. 


Myopia  is  a  condition  which  has  been  long  observed,  and  has  been 
much  studied.  Hypermetropia,  genendly  as  it  occurs^  was,  on  the 
contrary,  until  quite  recently  (though  mentioned  by  Ware),  almost 
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entirelj  overlooked,  at  least  its  natiire  and  its  lesoits  weie  not  leoog- 

Fig.  114. 


nised.  But  once  discovered  and  onderstood,  it  speedily  revealed  all 
its  mysteries,  and  gave  us  the  key  to  a  number  of  phenomena,  whose 
origin  had,  until  then,  continued  enigmatical :  thus  the  source  of 
asthenopia  and  of  strabismus  couvergens  was  found  in  this  anomaly. 
We  have,  in  the  first  place^  here  to  treat  of  it  in  this  section,  particu- 
larly from  the  dioptiic  point  of  view.  Prom  this  point  of  view  the 
de&iition  of  H  was  gi?eiL  It  is  also  indnded  in  !Fig.  114.  Parallel 
lays  unite  not  on  the  lefcma^  but  in  that  is,  behind  the  letina.  In 
Older  to  nnite  intheietinayfor  example  in/^  the  rays  fidling  upon  the 
oomea  must  already  have  a  converging  direction,  as  the  dotted  lines  in 
Fig.  114,  which  converge  towards  «.  The  point  which  has  its  image 
on  the  retina,  is  therefore  not  a  true  point,  but  an  ideal  or  virtual  point, 
situated  behind  the  retina  (for  example  in  i).  Such  points  we  do  not 
see  in  nature.*  From  each  point  of  an  object  the  rays  always  proceed 
in  a  diverging,  or  at  most  in  a  parallel  direction  (when,  namely,  the 
o})jects  lie  at  an  infinite  distance),  never  in  a  converging  direction. 
The  eye  therefore  has  no  need  to  be  able  to  adapt  itself  for  conveig- 
ing  rays.  AU  reqnirements  are  fulfilled,  when  it  can  bring  tolerably 
diverging  rays  to  a  focus  on  the  retina^  and  at  the  same  time  can  relax 
itself  to  accommodation  for  parallel  rays.  If  it  can  go  farther  than 
this,  it  oversteps  the  measure,  and  is  hypermetropic.  It  possesses 
something  useless,  and  has  thereby  lost  on  the  other  side  in  what  is 
useful.  In  order  to  see  remote  objects,  it  must  be  actively  accom- 
modated ;  and  in  bringing  to  a  focus  it  yields,  for  equal  range  of 
accommodation,  to  the  emmetropic  eye. 

*  Oonvogiiig  rays  oan  fiill  upon  our  eye  only  when  dioptric  surfaoM^  fiir 
example,  those  of  a  lens,  stand  between  the  point  and  the  eye.  Moreover, 

the  rays  proceeding  from  the  fundus  of  a  myopic  eye,  or  of  an  eye  aeo<mimo- 
dated  for  finite  distance,  when  arrived  without  the  eye,  acquire  a  oonverg^g 
direction.  Therefore  a  hypermetropic  person  can  see  with  the  ophthalmoscope 
the  fundus  of  such  eyes  accurately,  and  an  emmetropic  individual,  in  order  to 
do  the  same,  must  make  himself  hypermetropic  by  means  of  a  concave  glass. 
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The  degree  of  H  is  easily  expressed.  It  is  equal  to  the  quantity, 
by  which  the  relaxation  of  the  eye  can  overstep  the  measure,  and 
this  is  found  in  the  strongest  positive  glass,  with  which  infinitely 

remote  objects  can  be  accurately  seen.    If  this  glass  amounts  to 

1    1  „  .     ,     1    1    I  Ill 

Y^f     H  IS  also       -j^,      or,  more  exactly  still,       ^*  since 

the  glass  was  removed  1"  from  the  nodal  point. 

H  may  be  divided  into  acquired  and  original.    Of  the  acquired 
we  have  spoken  so  far  (§  17)  as  it  is  developed  by  the  senile  changres, 
in  the  emmetropic   eye.     As  in  the  latter,  it  begins  after  the 
50th  year,  the  original  hypermetropia  must  also,  after  that  period, 
gradually  increase ;  but  oidy  in  the  same  slight  degree  in  which  it  oc- 
curs in  the  emmetropic  eye.  Under  the  head  of  '  acquired  H,'  we  must 
here  provisionally  include  aphakia,  that  is,  the  condition  in  which 
the  lens  has  disappeared  from  the  eye,  or  at  least  from  the  plane 
of  the  pupil.    That  with  such  a  state  a  high  degree  of  H  must,  in 
the  ordinary  form  of  the  eye,  be  combined,  needs  no  proof.  To 
this  subject  I  must  devote  a  separate  section  of  the  present 
chapter. 

Original  H  we  divide  into  manifest  Hm,  and  latent  HI.  In  my 
first  investigations  respecting  H,  I  encountered  the  difficulty  of 
accurately  determining  the  degree  of  this  anomaly.    Thus  an  eye 

sometimes  at  first  refused  every  glass  stronger  than      while  it  soon 

1 

afterwards  gave  the  preference  to  -,  and  subsequently  again  chose 

o 

^  or  even         I  assumed  that  hypermetropic  eyes,  obliged  to  put 

their  power  of  accommodation  upon  the  stretch  in  order  to  see 
remote  objects,  sometimes  involuntarily  to  a  certain  degree  kept  up 
the  tension,  even  when  the  proper  glasses  rendered  this  not  only  su- 
perfluous, but  imdcsirable  for  accurate  vision.  Therefore,  from  the 
strongest  glasses,  with  which  the  eye  had,  in  diff'erent  trials,  still 
seen  accurately  at  a  distance,  the  degree  of  H  was  deduced.  These 
should,  as  I  supposed,  completely  neutralise  the  H.  But  when 
shortly  afterwards,  still  stronger  glasses  were  sometimes  found  adapt- 
ed to  the  same  persons,  1  discovered  my  error,  and  comprehended 
that  those  first  given  had  not  completely  neutralised  the  H,  but 
that  in  using  them  the  accommodation  to  a  certain  degree  continued 
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in  operation.  This  led  me  to  inquire,  what  the  refractive  condition 
of  such  hypermetropic  eyes  should  be,  when  by  the  instillation  of  a 
solution  of  sulphate  of  atropiaj  the  power  of  accommodation  should 
be  paralysed;  and  to  my  sorprisey  it  appeared  that  not  unfrequently 
in  the  trials  with  glntmon,  the  greater  part  of  the  H  had  been  snp- 
preased.  In  slightly  myopic^  and  eqnaUy  in  truly  emmetropic  eyes^ 
cm  the  oontrary,  U  conthmes,  after  artifieial  mydriasiB,  nearly  nn- 
altered :  the  power  of  accommodation  here  becomes,  when  the  eye  is 

accommodated  for  r«  actoally  almost  wholly  rehaed ;  at  most  only  ^ 

remains.  Evidently,  therefore,  it  is  a  peculiarity  of  IT,  that  with 
the  act  of  vision  tension  of  accommodation  is  associated,  and  thus 
the  H  is  in  part  concealed.  Hence  it  appeared  that  in  H  a  mani- 
fest and  a  latent  part  are  often  to  he  distmguished.  But  it  was  then 
also  to  be  sospected,  that  slight  degrees  of  in  youthful  accommo- 
dation, might  be  wholly  suppressed,  and  in  confirmation  of  this 
suspicion,  experience  showed  me  that  where,  as  in  cases  of  asthe- 
nopia and  of  strabismus,  II  was  with  some  reason  suspected,  without 
being  capable  of  immediate  demonstration,  a  not  inconsiderable 
degree  almost  always  in  fact  appeared,  on  paralysing  the  accommo- 
dation. 

The  conclusion  is:  that  H  may  be  wholly  latent,  =  HI,  and  that, 
where  it  occurs  in  the  manifest  form,  as  Hm,  a  latent  part  HI  may 
still  be  supposed  to  exist.  Therefore  H  «  Hm  ^  HI,  and  if 
Hm  s  0,  then  HI »  H.  Now,  is  it  also  posrible  that  HI  ss  0, 
and  that  therefore  H  should  he  entirely  manifest  =  Hm  ?  This  is 
actually  the  case,  when  in  advanced  age  the  power  of  accommoda- 
tion is  wholly  absent,  either  through  paralysis  or  artiliciul  mydriasis. 
But  even  already,  while  it  diminishes,  Hm  must  increase  in  reference 
to  HI,  and  experience  actually  shows,  that  even  in  the  40th  year 
HI,  in  reference  to  Hm,  is  very  slight,  and  that  in  the  55th,  it 
may  be  wholly  n^lected.  Hence  it  follows,  that  an  originally 
latent  H  becomes  gradually  more  and  more,  and  finally,  just  as  the 
higher  degrees,  altogether  manifest  1  have  seen  cases  of  HI  in 
children  of  ten  or  twelTC  yesrs  of  age,  where,  in  consequence 

of  paralysis  produced  by  atropia,  H  appeared  =   ;  others,  in  which 

Hm  =  from  ^  to      gave  ]^aoe  to  H  =  g.   At  twenty  years  of 

age  about  one-half  of  this,  at  forty  more  than  three-fourths  will 
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have  become  manifest,  and  at  seventy  we  have  to  expect  simple  Hm, 
in  a  still  higher  degree  (on  account  of  the  supervening  diminution 
of  refiraction,  as  H  acquisita)  than  H  was  origmaily  present  (com- 
pare, moreover^  Eig.  117). 

A  fnrUier  divimon  of  Hm  is  thai  into  aisohiie,  reiaiUfe,  and 
fBteuUoH/ve. 

The  ahiolmte  easts,  when  even  with  the  strongest  conTergenoe  of 

the  visual  lines,  accommodation  for  parallel  or  converging  rays  is 
not  to  be  attained:  of  this  Tig.  115  gives  an  example.    It  bhows 
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us  the  boundaries  of  accommodation  of  Dr.  de  Unas,*  one  of  the 
strongest  liypermetropics  I  havemet  with.  It  appears  that  Hm  amouats 

to    very    nearly  ^,  and,  nevcrtiieless,  with  strong  coavergeucc. 

Dr.  de  Haas  still  attams  to  neailj  tlie  aocommodation  for  parallel 
rays.    He  has,  in  fact,  the,  for  his  time  of  life,  very  considerable 

range  of  accommodation  of  nearly     •  Some  years  ago,  we  may 

safely  infer,  while  ^  was  still  greater  than  it  is  now,  his  Hm  waa 

not  yet  absolute.  Hence  we  see  that  in  youth  absolute  Ilm  is  of 
rare  occurrence.  Relative  Jlm^  however,  even  then  rather  frequently 
presents  itself.  Fig.  115,  II.,  represents  a  case  of  it  in  a  girl  of  17. 
The  manifest  farthest  point  lies  about  V  behind  the  cy^  ^  abso- 
lute nearest  point  p  lieslO'  before  the  ejt,  so  that,  calculated  from 

A^  ^4^' — nowhere  passes  over  the 

line  of  convergence  K  X'.  This  young  person  can  accommodate  for 
a  real  point  i,  but  only  upon  condition  of  convergence  of  the  visual 
lines  to  a  point,  situated  nearer  than  i  to  the  eye.  The  H  is  there- 
fore not  absolute,  but  still  it  exists  in  relation  to  the  convergence. 
For  example,  in  order  to  see  accurately  at  a  distance  of  16",  there 
must  be  convergence  to  a  distance  of  that  is,  under  an  angle  of 
11^  21'.  But  of  this  the  person  in  question  makes  no  use.  She 
does  not  do  so  even  by  covering  one  ^e$  consequently  she  now 
never  sees  accurately,  even  monocnlarily,  except  with  the  aid  of 

spectacles,  but  has,  perhaps,  when  at  ten  or  twelve  years  of  age  ~ 

was  still  greater,  seen  accurately  even  binocularily.    When  with 

increasing  years  ^  shall  be  reduced  to  y,  this  relative  Hm  will  have 

given  place  to  the  absolute  form. 

Facultative  Hm  I  have  assumed,  when  objects  can  be  accurately 
seen  at  oe  both  with  and  without  convex  glasses.  A  case  of  this 
kind  is  represented  in  Fig.  116.  It  is  that  of  a  man  aged  28,  in 
whom  %  lies  80''  behind  ^e  eye,  and  with  paiallei  visual  lines, 
20"  before  the  eye ;  he  sees  still  accurately  at  a  distance  as  well 

•  Author  of  the  Inaugural  DisscrtatioD,  Over  de  Hypermetroyia  en  har€ 
getoiffen,  Dtrssht,  1S63. 
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His  relative  nnge  of  aocoiniiiods- 


tiou  with  parallel  visual  lines  therefore  amounts  ^  +  ~  ]^ 
At  the  distance  of  10'5>  he  can  for  a  short  time  still  see  binocabrij. 

Fig.  110. 
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Even  beforr  his  38th  year  this  facultative  H  will  have  given  place 
to  relative,  and  about  his  45th  year,  to  absolute  H.  Does  not  even 
th(;  originally  emmetropic  eye  end  by  becoming  absolutely  hyper- 
metropic ? 

The  distinction  here  made  is  in  all  respects  justified.  The  dis- 
tinctive character  of  H  is :  position  of  the  focus  ^«  behind  the  retiiia 
in  rest  of  accommodation.  If,  mmoYa,  with  the  most  poweifui 
tension,  f,  remains  behind  the  retina,  Hm  is  abwMei  H  f,  am 
reach  the  retina  only  with  convergence  of  the  visual  lines,  Hm  is 
relative;  it  is,  on  the  contrary,  facultative,  when  also  with  parallel 
visual  lines  can  be  brought  into  the  retina.  The  definitions  give 
accurate  boundaries.    In  reference  to  vision  the  distinction  has,  too. 
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its  important  aspect,  for  with  absolute  Hin  vision  can  never  be 
acute  ;  with  relative  only  monocular  vision  can  be  so  (and  indeed 
exceptionally) ;  with  facultative,  on  the  contrar}',  binocular  vision 
may  also  be  acute.  But  the  distinction  loses  much  of  its  impor- 
tance, inasmuch  as  in  fatigue  and  weakness,  and  also  regularly  with 
the  increase  of  years,  the  facultative  passes  into  relative,  and  the 
latter  into  absolute  11.  To  tliis  attention  was  already  directed  in 
the  description  of  the  forms  enumerated.  A  diiigram  (Fig.  117)  may 
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further  illustrate  it.    In  the  10th  year,  with  H  =     Hm  is  here 

=  but  with  tension  there  is  still,  even  without  convex  glasses, 
acute  vision  to  some  distance  from  the  eye  (facultative  Hm). 
With  the  25th  year,  Hm  has,  with  unaltered  H  =  ^,  become 

=  — ,  and  while  the  absolute  nearest  point  jj  lies  at  30",  a  binocular 
16 

nearest  point  is  no  longer  present:  relative  H  has  supervened. 
Even  in  the  31st  year  p  here  passes  the  line  cc  ,  that  of  the  infinite 

distance,  and  therewith  absolute  H  is  given.    Further,  while 

gradually  diminishes  and  finally  at  80  years  of  age  becomes  =  0, 
the  latent  part  of  U,  the  distance  between  r  and  n  r '  becomes 
less  and  less,  and  at  length  entirely  disappears,  where  the  lines 
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f  ^      and  r,  r\  meet  one  another :  at  the  same  time  the  total  11  has 
from  ^  to 


§  20.  FoBM,  Position,  and  Movements  of  the  Hypermetkopic 

Eye. — Appakent  Stbabismcs. 

In  the  preceding  section  we  deliueil  H,  frtjiu  the  dioptric  point 
of  view.  The  question  now  is^  on  what  anatomical  deviatiou  this 
refractive  anomaly  depends. 

A  great  variety  of  circumstances  may,  exceptionally,  in  this 
respect,  come  into  play.    In  the  first  plaoe,  absence  of  the  crystal- 
line lens  (aphakia),  by  whatever  cause  produced — ^an  important 
conditioD,  to  which  we  shall  devote  a  sepuate  section.  Moreover, 
diseases  of  the  cornea,  attended  with  flattening^  whether  of  the 
cornea  at  large,  or  of  its  central  portion.   Thus,  1  have  sometimes 
found,  with  central  ulcer  of  the  cornea,  a  high  degree  of  H,  which 
gave  way  to  E,  or  cveu  to  M,  combined  witli  irreiip^dar  astigmatism, 
M'hen  by  mydriasis  the  lateral  parts  of  the  cornea  also  came  into 
])lay  in  direct  vision.     In  commencing  glaucoma,  too,  the  eye 
a  |) pears  to  incline  to  11,  which  may  be  dependent  on  flattening  of 
the  crystalline  lens  through  tension  of  the  Bonnla  Ziunii,  if  not  on 
a  higher  coefficient  of  refraction  of  the  aqneonsiy  or  especially  of  the 
vitreous  humour:  at  least  the  oomei^  according  to  my  measme- 
ments,  does  not  heoome  flatter,  as  might  have  been  supposed,  from 
the  increased  pressure  which  appeared  necessarily  to  make  the 
whole  eyeball  more  spherical.    Finally,  protrusion  of  the  retina 
through  firm  cborioidcal  exudation,  may  give  rise  to  some  H,  and 
by  detachment  of  the  retina  it  may  produce  even  a  high  degree  of 
the  same,  which,  in  that  case,  soon  gives  way  to  blindness.* 

1'he  rule  is,  however,  that  U  depends  on  a  peculiar  typical 
structure  of  the  eye,  which  may  be  called  the  kypemekopic  stru^- 
Uure.   The  hypermetropically-formed  ^e  is  a  mail       in  all  its 

*  Aooarding  to  £d.  v.  Jaeger  ( Uther  dit  EkuUttungen  de's  dioptr.  Afpmrm' 
tet,  elo.,  Wieu,  1861,  p.  96)  H  is  very  charaoteristio  and  important  as  a 

diagnostic  symptom  in  many  afieotions  of  the  central  nervous  system  and  of 
the  optic  nerve  (bhiisli  coloration  combined  or  not  with  phenomena  of  irrita- 
tion). H  is  said  in  such  cases  often  to  intorniit,  not  unlVequtntly  simiil- 
taucously  with  the  symptoms  of  irritation.  Increased  tensiuu  would,  under 
these  circumstaDoes,  be  present. 
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dimensions  less  than  the  em iiu  tropic,  but  especially  in  that  of 
the  visual  axis.  Immediately  around  the  cornea,  the  sclerotic  has  a  ilat^ 
fllightlj-canred  appearance :  the  meridians  have  here  a  alight  curva- 
ture ;  at  the  equator,  on  the  contrary,  the  curvature  is  mnch  greater 
in  the  direction  of  the  meridians  than  in  that  of  the  equator  itself. 
A  section  through  the  visual  aiis  has  the  form  of  an  ellipse,  of  which 
the  visual  axis  is  the  short  axis  (Fig.  118) ;  on 
the  contrary,  a  section  perpendicular  to  the  Fig*  IIS. 

visual  axis,  carried  through  the  equator,  is 
almost  a  circle.    Tln'  hy])(Trnctropic  eye  is  in 
^iienil  an  uuperft'dly  ikvelopeil  eye.    If  the 
dimensions   of  all   the   axes  are   less,  the 
expansion  of  the  retina  also  is  less,  to  which, 
moreover^  a  slighter  optic  nerve,  and  a  less 
number  of  its  fibres  conespond.   Further,  the 
asjmmetry  in  the  several  meridians  (astigmatism)  i?,  in  this  eye, 
on  an  average,  greater  than  in  the  emmetropic.  Both  these  drcnm- 
stances  explain  the  fact,  at  least  in  i)art,  that  in  high  degrees  of  H 
the  acuteness  of  vision  is  usually  below  the  normal.    If,  in  addition, 
the  development  of  the  cornea  has  been  ini perfect,  which  is  com- 
paratively rare,  the  hypermetropic  structure  passes  into  true  mi- 
crophthalmos.— ^The  hypermetropic  structure  is  heredUary:  if  one 
of  the  parents  suffers  from  II,  we  find  the  same  anomaly  usually  in 
one  or  more  of  the  children;  sometimesi,  too,  several  brothers  and 
sisteFB  axe  hypermetropic,  wiUiont  the  anomalj  being  observable  in 
either  of  the  parents.   How  far  the  structure  in  question  is  also 
etmgeniial,  I  have  not  inquired.    According  to  von  Jaegor's 
ophthalmoscopic  investigations,*  the  eyes  of  most  newly-born  chil- 
nii  are,  on  paralysis  of  accommodation,  moderately  myopic;  but 
sooQ,  on  further  developnicnt,  these  lose  M,  and  in  the  first  years  of 
life  mostly  become  emmetropic.    The  great  difference  in  the  form 
of  the  eyes  does  not  occur  until  a  later  period.    However,  von 
Jaeger  did  not  find  even  in  the  first  days  of  life  exclusively  (78%) 
myopi<^  but  in  hy^  emmetropic,  in  Vl%  hypermetropic  eyes.  It 
may  probably  be  said,  that  among  these  last  especially  the  hyper- 
metropics of  more  advanced  age  are  to  be  found.   At  least  I  have 
in  the  fifth  and  sixth,  and  sometimes  even  in  the  fourth  year, 
demonstrated  considerable  degrees    H,  and  have  never  seen  these 
disappear  at  a  later  period. 

•  /.  c,  p.  20. 
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The  shorter  visual  axis  of  the  hypcrmctropically-fonned  eye, 
which  is  demonstrable  even  in  life,  satisfactorily  explains^  the  fiiini 
and  position  of  the  Tefracting  snrfaees  heing  the  same;,  the  existence 
of  H.  The  question,  however,  is,  whether  we  are  light  in  assum- 
ing this  similarilj  in  position  and  form.  A  priori  it  might  be  nip- 
posed,  and  it  has  been  not  only  supposed,  bnt  also  asserted^  that  less 
convexity  of  the  cornea  and  of  the  crystalline  lens  is  peculiar  to  the 
hypermetropic  eye.  So  far  as  the  cornea  is  concerned,  I  am  justi- 
fied by  the  results  of  numerous  accurate  deterniinntions,  in  deny- 
ing the  assertion.  Even  in  high  degrees  of  II,  the  radius  in  the 
Tisual  line  (compare  p.  89)  is  nearly  equal  to  that  in  the  emme- 
tropic eye,  and  in  the  highest  degrees,  when  the  circumference  of 
the  cornea  is  somewhat  less  than  nsnal,  I  found  the  radios  even  less. 
And  if  this  be  true  for  p*,  still  more  must  it  hold  good  for  the 
radios  in  the  apex  of  the  cornea  (which  alone  is  here  concerned) ; 
for  the  angle  a  between  the  axis  of  the  cornea  and  the  visual  line 
is  greater  in  H  than  in  E.  However,  it  has  really  the  ajipcarance 
as  if  the  cornea  of  the  h}'permetropic  eye  were  less  convex,  which, 
just  as  in  prciiibyoj)ia,  is  to  be  ascribed  solely  to  the  diminished  depth  of 
the  anterior  chamber  of  the  eye,  and  to  the  relative  smallness  of  the 
pupil :  a  more  anterior  position  of  the  iris  and  crystalline  lens  is  part 
of  the  peculiarity  of  the  hypermetropic  structure.  The  influence  of 
the  cornea  is  thus  excluded. — Whether  a  flatter  ciystaUine  lens 
belongs  to  the  hypermetropic  structure  of  the  eye,  is  quite  unknown. 
It  is  true  that  in  some  ^es  the  lens  is  thicker,  in  others  thinner; 
but,  even  if  we  admit  that  a  shorter  and  longer  focal  distance  cor- 
respond thereto  {which  is  not  proved),  wc  have  no  right  to  ]>lace 
this  difference  in  connexion  with  II.  We  know  that  the  cornea 
has  sometimes  a  particularly  long  radius,  but  this  is  peculiar 
rather  to  the  highest  degrees  of  M  than  toU;  and  accidentally, 
too,  the  lens,  which  in  the  measurements  of  Xnapp^  had  a 
particularly  great  focal  distance,  belongs  to  a  myopic  eye.  In- 
deed, it  KB  evident  that  in  order  to  be  justified  in  connecting  a  fiat 
lens  with  the  hypermetropic  structure,  we  must  distinctly  demonstrate 
the  presence  of  the  same  in  hypermetropic  eyes.  I  have  tried  an 
indirect  method.  I  have  endeavoured  to  measure  the  length  of  the 
visual  axis  of  suj)crlicially-situated  hypermetropic  eyes,  turned  strongly 
inwards,  and  thence,  in  connexion  with  the  simultaneously  deter- 

•  Archil'/.  Oj)hthalmologif,  li.  vii.,  p.  1. 
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rained  radius  of  the  cornea  and  the  degree  of  hypermetropia,  to 
calciilate  the  focal  distance  of  tlie  lens.  But  the  measuremeut  of 
tiie  visual  axis  appeared  to  be  not  sulFicicntly  accurate. 

liiow,  in  the  absence  of  decisive  determinations,  we  assnme  that 
the  cardinal  points  of  the  dioptric  system  in  the  hypermetropic  eye 
luiTe  the  same  position  as  in  Uie  emmetiopic.  That  the  oystalline 
lens  in  the  hjpennetiopic  eje  is  placed  somewhat  more  anteriorly^ 
we  leave  out  of  acconnt>  psurtly  for  the  sake  of  simplicity^  because 
the  inflnenee  thereof  is  slight, — partly  in  order  so  fv  to  meet  those 
■who  feel  bound  to  contend  for  a  flatter  crystalline  lens  in  the  hyper- 
metropic eye.    Now,  the  position  of  the  cardinal  points  beini?  the 
same,  ve  can  apply  those;  of  the  reduced  eye,  in  order  to  cnlculatc 
what  degrees  of  H  are  connected  with  a  given  diminution  in  length 
of  the  visual  axis.   Thus  we  find : — 

With  a  diroinntioD  in  length  of  0*5  mm.,  H  =  1 : 1(1*45. 

1    mm.,  H  =  1 : 10*84. 

„  „  1*5  mm.,  H  =  I  :  6*649. 

„  «  2    mm.,  H       1  :  4*302. 

„  „  3    mm.,  H  =  1  :  2*955  * 

In  a  similar  manner  we  can  from  the  degree  of  the  hypermetropia 
calculate  the  diminution  in  length  of  the  visual  axis,  and  thus  the 
actual  length.  This  has  been  done  in  the  subjoined  table,  in  which 
also  the  position  of  the  centre  of  motion  (compare  the  method  of  the 

determination  pp.  185  et  seq.),  and  the  angle  a  are  included.  As 

the  basis  of  the  calculation,  the  values  of  the  reduced  eye  are  taken, 
and  the  ascertained  diminution  in  lenjrth  is  deducted  from  the  len<;th 
uf  the  visual  axis  (=  22'231  mm.,  according  to  the  diagrammatic 
eye  of  Ueimholtz). 

*  At  p.  178  we  found 

consequently  :  I  =  • 

If  the  foeiis  j   (the  retina)  lies  in    front  of       as  is  the  oa<;e  in 
hypermetropia,  »/  and  ^  are  botli  netrative,  because  F"  >  f  and  F"      f  \ 

QYen  f  becomes  negative,  so  soon  as  t  comes  to  lie  behind  h.  As  (,  we  find  t  he 
distance  of  /  behind  o' .  we  need  that  of  i  behind  A",  and  i  —  Cr'  is  therefore 
tbe  diitanoe  which  we  seek.    We  thus  lind 

ai^ish      ^  mast  be  ezpfsnad  in  Farinan  inches. 
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To  the  length  of  the  visual  axis  to  the  TetuiSy  found  by  calcola- 
tion^  1*3  mm.  are  added  for  tlie  thiekness  of  the  membranes^  in 

order  to  obtain  the  length  measured  to  the  outside  of  the  eyeball. 
Now  this,  on  an  average,  amounts  in  these  hypermetropics  to 
22*105  mm.;  and  the  centre  of  motion,  which  is  sitnated  13-22 
mm.  behind  the  anterior  surface  of  the  cornea,  is  therefore  8"SS5 
mm.  before  the  posterior  surface  of  the  sclerotic  :  these  distances^ 
13*22  and  8-885^  are  to  one  another  as  59*8  :  40*2^  that  is^  nearly 
as  3 : 2.  Tbus^  as  we  have  abeady  observed,  the  centre  of  motion 
therefore  lies  in  hypermetropic  eyes,  although  absolutely  somewhat 
less,  idatiTdy  more  posteriorly  than  in  emmetropic  eyes.  This 
position  of  the  centre  of  motion,  as  already  the  shortness  of  the  axis 
in  itself,  requires  in  movement  little  displacement  of  the  optic  nerve, 
and  it  is  consequently  not  snrprising,  that  the  excursions  in  hyper- 
metropic eyes  are  usually  a  little  more:  only  in  No.  6  did  any 
limitation  exist. 

In  the  table  the  angle  a  is  also  stated.  Without  exception,  in 
hypermetropics,  the  cornea  ia  cut  to  the  inside  of  its  axis,  by  the 
viraal  line,  and,  as  we  see,  the  angle  in  this  horizontal  plane  amounts, 
on  an  average,  to  not  less  than  7^55.  The  maximum  is  here 
•  stated  as  9%  the  minimum  as  6°;  but  in  some  eyes  I  hav^  fonnd 
still  greater  deviation,  even  np  to  11^3*  In  the  emmetropic  eye 
this  angle  amounts  on  an  average  to  only  5°082,  and  in  the  myopic, 
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where  it  may  even  lie  to  the  outsiile  of  tlie  axis  of  the  cornoa,  and 
thus  become  negative,  we  found  it  in  general  somewhat  less  than  2^ 
How  intimately  this  angle  is  connected  with  M  and  II,  appears 
especially  from  the  fact^  that  the  maximum  in  M  is  exceeded  by  the 
minimnpt  in  H.  Of  thii^  88  W8  have  already  lemarked^  the  lesolt 
is,  in  myopics  apparent  strabismus  couvergens,  in  hypermetropics 
apparent  strabismus  divergens.  Our  judgment  respecting  the  position 
of  the  eyes  is  determined  by  the  direction  of  the  axes  of  the  cornea, 
and  these  are,  with  a  parallel  position  of  the  visual  lines,  in  hyperme- 
tropics more  diverging  than  in  emmetro))ics ;  in  myopirs  on  the  con- 
trary they  are  less  diverging  or  even  converging.  If  we  roiisidcr  thut 
between  the  angle  of  the  axes  of  the  cornea,  with  parallel  visual 
Hnes,  in  the  most  extreme  cases  of  M  and  a  difference  of  25^ 
may  exist,  we  shall  conceive  that  this  angle  is  very  characteristic  of 
the  physiognomy  of  myopics  and  hypermetropics,  and  may  indeed 
suggest  the  idea  of  stoabismus.  We  shall  hereafter  see  what  an 
important  part  apparent  strabismus  plays  in  the  production  of  the 
true,  how  the  apparent  diverging  promotes  the  development  of  true 
converging  strabismus,  and  vice  versa;  and  the  importance  of 
the  angle  a  will  thus  become  still  more  evident.  Here  it  remains 
only  to  treat  of  the  question,  on  what  the  diflerent  values  of  this 
angle  depend.  Fig.  i  19  distinctly  shows,  that  in  the  hrst  place  the 
position  of  the  yellow  spot  I  in  reference 
to  the  axis  of  the  cornea  determines  this  Fig.  110. 

angle.  But  in  the  seeond  place,  the  dis- 
tance i  from  the  nodal  point  to  the 
retina,  is  to  be  taken  into  account  It  is 
evident  that,  if  in  the  hypermetropic  eye,  * 
where  this  distance  is  particularly  short, 
the  yellow  spot  I  is  oidy  at  the  ordinary 
distance  from  g  (a  point  of  the  prolonged 
axis  of  the  cornea),  the  angle  a,  under 
which  II'  andy  a  intersect  one  another  in  /*, 
becomes  greater.  In  this,  therefore,  really  lies  in  part  the  cause  of  the 
greater  value  of  a  in  hypermetropic  eyes ;  but  for  the  most  part  this 
greater  value  must  still  be  explained  by  the  more  external  position 
of  the  yellow  spot  This  position  is  connected  with  the  arrested 
development,  especially  of  the  external  portion  of  the  hypermetropic 
eve.  It  is,  on  the  other  hand,  as  shall  further  appear,  precisely  the 
extraordinary  development  and  morbid  distention  of  the  outer  pari3 
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in  myopies,  whidi  make  tbe  jellow  tpoi  in  timi  appniadi  the  axis 
of  the  coniei^  and  aometunei  et  en  to  pan  it. 


KOXS  TO  S  20. 

It  appears  to  me  that  the  so-called  ttrabitmus  ineongrum  at  Johannes 
Muller  {Zttr  rergleirhenden  Pht/Kt'oloffie  d#»«  Oesichtssinnen,  I^iprig,  1826i, 
p.  2;J0),  which  has  sometimes  been  mthor  lightly  disrefj^rdcd,  is  nothing 
else  than  the  above-described  ap^mnnt  atrnhisntHs.    It  is  true,  Mueller  has 
not  recog-nised  the  relation  of  this  deviation  to  the  anomalies  of  refraction, 
nor  has  he  expressly  connected  it  with  the  position  of  the  yellow  spot.  But 
what  else  can  he  have  in  view  when  be  says :  "  Moreover,  this  species  of 
•trabismas  is  iio<  rare,  though  in  general  it  is  M  •light,  so  thii  lAe  hok  hem§ 
otherwite  §i«ady  and  Me  inUgriiy  of  hUk  tjfet  heimg  equal,  there  ie  little 
etriking  with  legeid  to  internal  ehangee  F"  He  states  that  in  these  eaaee  the 
moseles  of  the  eyee  are  quite  sound.  Hjs  definitioa,  too»  is  ap^ieable  to 
ovr  apparent  strabismus.    "  The  kind  of  strabisnRis  I  refer  to  is,'*  he  says, 
"eongenital "  (whieh  is  correct,  at  least  for  the  apparsnt  divei^ng  stimhie- 
mus  of  hypermetropics)  "  and  incurable ;  it  depends  on  a  difference  in  the 
position  of  the  identical  points  of  the  retinas  of  both  eyes  ;  so  that  these  are 
indeed  perfectly  identical  in  a  subjective  respect,  but  in  ilie  two  eyes  the 
identity  belongs  to  different  meridians,  that,  for  example,  the  central  point 
of  the  retina  in  the  one  eyo  corresponds  to  an  identical  point  of  the 
other  eye,  which  is  removed   from  the  central  point  of  that  eye." 
He  illastrates  his  meaning  with  a  figure,  from  which  it  mi^ht  be  in- 
ferred thatt  in  his  opiniea,  only  in  one  of  the  eyes  the  Tunal  line 
(by  him  eslled  *'Tisnal  axis")  «id  the  axis  of  the  eomea  (his  '*axis 
of  the  eye")  would  not  eoineide. — partienlarly  well-marked  oase 
of  this  kind  is  described  by  Ton  Oraefe,  under  the  name  of  **  apparent 
inoongmenoe    of  the   retini,   through    anomalous   entrance  of  the 
optie  nerte "  {Archiv  f.  Ophthalmologie,  Band  L,  Abth.  1»  p.  436)« 
whore  the  yellow  spot,  together  with  the  optic  nerve,  was  in  one  eye 
strongly  displaced  inwards.    The  writer  contracts  this  case  with  another  of 
"true  incongruence  of  the  retinas"  (Ibid.,  p.  lUo),  in  which  the  yellow- 
spot  is  said  to  have  occurred  in  one  eye  at  the  nasal  side  of  the  optie  nerve. 
I  must  observe  that  this  last  oase  appears  to  me  somewhat  problematical ;  nor 
have  the  cases  recorded  by  Alfred  Graefe,  in  his  clear  and  able  paper 
(ZKfiMe  Analfft$  itr  MMUatutSrungen  diss  Auget,  Berlin,  1858,  pp.  228 
et  aeq.),  oonYinoed  me.    I  see  that  Artl  likewise  still  donhls  the  ezistenee 
of  the  tame  sfcrabismns  ineongmns  (JKb  Krankhmten  dn  Avgn,  B.  Ill^  pi 
820).  If  we  eeosider  the  imperfect  aouteness  of  Tision  of  the  part  of  the 
retina  used  in  fixation,  another  explanation,  which  has  occurred  also  to  von 
Oraefe  himself,  mar  very  well  be  given.   If  I  eannot  therefore  consider  it 
pro? ed,  that  other  forms  of  ineongroenee  ooenr  than  thoee  here  deeeribsd 
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nder  flie  name  of  tpp«rent  ttrabiamus,  I  willingly  apply  to  these  the  words 
of  Ton  Onwfe:  *'  I  would  oeitaiiily  attriMa  thMe  aol  to  inooBgnienoe  of 
t]i0  ntnaa,  bat  to  oijfmmeincai  decelopmsiU  of  tho  two  halves  of  the  bulb." 

Tlw  derelopmeiit  of  tbe  hypermetropio  eye  doseiTM  to  be  more  oloeely  ex- 
mmined.  With  it  important  queituma  are  eouneoted.  It  is  oertain,  that  in  the 
lowtr  otders  of  society  H  is  more  commoo,  as  in  the  highw  M  is  more  ^re> 
qnently  met  with.  Now,  hereditarily  thus  transmitted,  these  anomalies  must 
Tievertheless  undoubtedly  have  in  the  first  instance  been  produced,  and  must 
Btill  he  promoted,  by  special  practice.  With  respect  to  M  this  soeras  to  me 
indeed  explicable :  the  stooping  position,  probably  also  the  increased 
pressure  in  accommodation  for  near  objects,  may  promote  the  distention  of 
the  eyeball.  But  the  same  holds  good  also  for  H  :  there  are  com}*aratively 
more  hypermetropics  among  the  lower  orders,  and  these  want  all  tendency 
to  beeome  myopic.  Now,  if  H  were  beted  upon  a  flatter  lens,  it  would  be  eom- 
prehenaible,  that  during  the  derebpnient  of  the  lens  want  of  aooommodation 
for  near  oljeeta  ahould  make  it  remain  flatter,  just  as,  by  bebf  subject  in  a 
more  eon?ex  eondition  to  the  nutritiTe  ohangea,  it  might  at  laat  retain  a 
more  convex  form.  But  just  as  little  as  a  more  convex  lens  is  demon- 
atrated  in  M,  ia  a  flatter  one  in  H.  Nevertheless,  I  have  asked  myself 
whether  in  the  promotion  of  H,  by  want  of  accommodation  for  near  objects 
in  childhood,  there  was  not  an  indication  that  the  crystalline  lens  in  H 
should  be  somewhat  flatter.  But  I  must  say  that  the  indication  is  too 
alight.  Moreover  other  hypotheses  present  themselves.  For  instance,  if 
in  accommodation  for  near  objects,  the  fluids  of  the  eye  are  brouf^ht  under 
higher  pressure,  it  can  be  understood  how  want  of  this  pressure  might 
vetatd  the  derelopment  of  the  eIre&mftieDee  of  the  eyeball,  uid  thua  &Tour 
the  hypermetropio  form* 

These  lemarka  may  tend  to  direet  attention  to  the  inyeetigation  of  the 
development  of  eyes,  eapeeially  of  eueh  as  are  hypermetropic,  even  in  the 
flrit  yean  after  birth ;  the  merit  of  having  made  a  beginning  in  this 
direelioa  must  be  awarded  to  Ed.  Ton  Jaeger. 


§21.  pEENOinENA.  —  D1AONOBI8.  —  Tbb  Yisiqn  or  Htfkr- 

METKOPICd. 

The  diagnosis  of  H  is  attended  vitli  little  difficulty.    I  have 

already  laid  it  down  as  our  duty,  systematically  to  examine  the 
refractive  condition  of  every  ophthalmic  patient,  and  no  case  of  H 
will  easily  escape  him  who  does  so.  But  before  this  examination 
has  been  began,  before  we  have  even  tested  the  power  of  vision,  the 
external  appearance  will  often  have  made  us  already  suspect  the 
presence  of  H.   In  the  first  place,  we  find  nn  indication  in  the 
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anatomical  peculiarities,  spoken  of  in  the  preceding  section.  The 
Hat  anterior  surface  of  the  sclerotic,  the  strong  curvation  of  its 
meridians  in  the  region  of  the  equator,  the  sliallow  position  of  the 
iris,  the  relatively  small  pupil,  the  apparent  diverging  strabismus, 
all  tliese  give  a  peculiar  physiognomy  to  the  eye.    But  there  is 
still  move.   In  the  fonn  of  the  face^  too,  the  existence  of  H  is  not 
nnfteqnentiiy  eiprawed.    If  I  am  not  nustaken,  the  pecoliaritjr 
wMdi  here  pievaOs,  depends  chiefly  on  the  shallowness  of  the  orbit. 
The  margins  of  the  sodceta  are  flatter,  less  curved,  the  whole  £ioe  is 
flattened^  with  little  relief;  there  is  little  rounding  in  the  cheeks;, 
because  the  anterior  surface  of  the  face  quickly  passes  into  the  lateral 
flatness.    Often,  too,  the  nose  is  but  slightly  prominent,  and  the 
upper  })art  of  its  dorsum  is  so  little  marked  that  it  can  scarcely  give 
support  to  ordinary  spectacles.    The  eyelids  are  flat  and  broad,  the 
eyes  are  far  from  one  another ;  the  same  is  true  of  the  orbits,  at  least 
of  their  outer  margins,  whose  mutual  distance  is  easily  measured. 
Otherwise,  90  far  as  the  position  of  the  hypermetropic  eyesis  concerned, 
it  is  sometimes  very  deep,  som^imes  superficial,  so  that  nothing  is 
to  be  inferred  from  it. — ^It  must  he  observed,  however,  that  the  form 
here  described  is  for  from  being  constant.   But  that  a  connexion 
docs  exist  between  the  refraction  of  the  eye  and  the  form  of  the  face, 
appears  most  distinctly  from  the  asymmetry  of  the  bones  of  the  latter, 
including  the  frontal  bone,  which  almost  without  exception  accom- 
panies a  great  difTerence  of  refraction  in  the  two  eyes.  In  general,  we 
lind  in  such  cases  the  eye  on  the  hypermetropic  side  placed  farther  from 
the  root  of  the  nose,  and  together  with  the  whole  side  of  the  face 
sloping  backward.   It  is  as  if  the  bones  of  the  face  on  tiiis  side  are 
in  general  less  developed.   Thus  the  orbit  also  is  less  deep,  and  to 
this  corresponds  a  smaller  eye,  with  a  shorter  axis  of  vision,  which 
again  in  its  turn  is  connected  with  a  shallower  socket.   We  shall 
subsequently  have  to  devote  a  separate  chapter  to  difference  in 
refraction  between  the  two  eyes,  and  we  shall  then  revert  to  this 
subject  of  the  asymmetry  of  the  skull  and  face. 

If  we  find  the  jjhysiognomy  here  described  in  a  young  person, 
who  presents  himself  as  a  patient,  without  the  external  appearance 
of  the  eyes  betraying  any  disease,  we  may  with  the  greatest  proba- 
bility infer  the  existence  of  hypermetropia.  To  the  question :  "  Can 
you  continue  to  work  long?''  we  obtain  almost  without  exception 
8  negative  answer.    This  rapidly  supervening  fatigue,  the  most 
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usual  pheiioun'iioii  of  certain  degrees  of  H,  we  shall  study  more  fully, 
in  the  following  Section,  under  the  name  of  iusf/ie7iojna. 

We  have  now  in  these  cases,  as  well  as  in  those  where  all  indica- 
tion is  wanting,  with  the  aid  of  glasses  to  ascertain  more  exactly  the 
true  state  of  things.  It  has  already  been  stated  that  hypermetropia  is 
perfectly  characterised,  when  with  the  aid  of  po8iti?e  glasses  the 
Tinon  of  distant  objects  ia  acate;  the  strongest  glasses,  with 
wlucli  the  acuteness  of  visioii  atQl  oontmaea  perfect^  show  us,  in 
the  manner  before  described,  the  position  of  the  fiarHiest  point,  and 
with  it  the  degree  of  the  hypermetropia.  Nevertheless,  even  with 
such  assistance  we  are  still  luible  to  error.  In  the  first  place,  as  has 
already  been  stated,  the  hypermetropia  may  be  latent.  After  the 
twenty-fifth  year,  a  part  even  of  very  moderate  degrees  of  H  is 
usually  manifest ;  but  at  a  very  early  period  of  life  the  strong  power 
of  acconmiodation  may  completdj  sappress  oomparativelf  high 
degrees,  and  such  may  therefore  exist,  even  when  weak  positiye 
glasses  already  diminish  the  distinctness  of  vision  at  a  distance.  I 
formeriy  supposed  that  when  even  with  weak  negative  glasses,  for 

e«mpU.  of-  A  or  -  ^j,  the  patients  asserted  that  they  could 

see  as  well  or  even  better  than  without  glasses,  we  might  infer,  if 
not  the  presence  of  myopia,  at  least  the  absence  of  hyi)ermetropia; 
but  this  opinion,  too,  has  been  corrected  by  experience.  I  have 
found  tliat  young  patients  sometimes  involuntarily  suppress  even 
the  hypermetropia  increased  by  the  negative  glass,  and  that  they 
have  such  a  fancy  for  the  smaller  forms  of  letters  and  of  other  objects, 
that  th^  imagine  that  they  diatangoish  them  aa  well,  if  not  better, 
than  with  tiie  naked  eye.  That  they  are  mistakenin  this,  ia  evident, 
bat  it  ia  not  always  easy  to  prove  thia ;  for  hypermetropic  persons, 
with  good  accommodating  power,  lose  very  little  with  negative  glasses, 
at  all  events  very  much  less  than  myopic  individuals  gain  by  them.  If 
the  phenomena  in  other  respects  justify  us  in  suspecting  the  presence 
of  hypermetropia,  but  do  not  fully  demonstrate  it,  we  must  have 
recourse  to  a  mydriatic,  whereby  the  power  of  accommodation  is 
paralysed,  and  the  hypermetropia,  ao  far  as  it  exists,  is  rendered 
entirely  manifest.  Sometimes,  in  such  cases,  examination  with  the 
ophthahnoflcope  is  sufficient,  without  the  em^yment  of  the  my- 
driatic, to  establish  the  existence  of  hypermetropia.  In  the  passive 
condition  of  the  eye  thns  examined,  in  &ct,  the  power  of  accommo- 
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dation  not  anfreqaeiitlj  beoomeB  moie  relaxied  Uum  when  the  oignn 

is  fixed  even  with  parallel  visual  Hues. 

In  the  second  place,  we  must  be  especially  upon  our  guard,  if 
the  acuteness  of  vision  S  is  very  much  cliinini.slied.    In  this  case  the 
recognition  of  objects  depends  less  on  the  sharpness  of  the  retinal 
images,  which,  neverthelefla,  are  not  acutely  seen,  than  on  the 
magnitude  of  the  images.   We  may  imagine  the  retina  in  amblyopic 
persona  to  he  a  very  coarse  oanraas,  on  which  veiy  small  ohjects;, 
even  though  aecurately  drawn,  are  not  so  well  disAingiuahed  as  larger 
objects,  though  bounded  by  less  sharply-defined  oontonrs.  Or  we  maj 
suppose  Tery  small  images  to  be  less  sccnrately  drawn  on  a  finer  tex- 
ture, whereby  the  advantage  obtained  by  increased  magnitude  readily 
counterbalances  the  disturbance,  caused  by  a  further  loss  of  sharpness, 
— in  like  manner  as  the  strongest  eye-pieces  in  microscopic  exami- 
nation, although   they  render   the   images  more  diffuse,  often 
place  us  in  a  position  to  recognise  with  greater  certainty  the  fonn 
of  the  smallest  visible  objects,  than  wns  possible  with  weaker  eye- 
pieces (with  the  same  object-glass) .  We  thus  readily  understand  wbj 
amblyopic  patients,  even  when  they  are  not  hypermetropic,  often 
choose  positive  glasses :  the  greater  sise  of  the  images  is  particularly 
serviceable  to  them.   Where  there  is  any  doubt,  in  this  case  also 
ophthalmoscopic  examination  seldom  fails  us.    In  mydriasis,  too, 
positive  glasi^es,  on  account  of  the  now  so  much  more  rapid  increase 
in  magnitude  of  the  circles  of  difi'usion,  will  not  readily  be  chosen, 
unless  hypcrmctropia  actually  exists,    in  general,  we  must  in  such 
cases  attend  to  the  magnitude  of  the  pupil.    I  have  seen  some 
instances  of  extraordinarily  smaU,  whether  natural  or  artifidal, 
pupib,  which,  connected  with  a  certain  degree  of  amblyopia,  on 
aoconnt  of  the  improved  power  of  vision  at  a  distance  caused  by 
strong  positive  gtosscc,  incorrectly  led  the  observer  to  infer  the 
existence  of  a  high  degree  of  hypennetropia.    In  very  rare  cases, 
too,  diseases  of  the  cornea  may  lead  us  into  error.    A  slight  flatten- 
ing, and  especially  transparent  ulcers  opposite  the  pupil,  cause  myopia 
to  disappear,  or  render  the  person  hypermetropic,  which  alt-ered 
refraction  is  removed  when  the  ulceration  is  healed,  and  often  even 
on  dilatation  of  the  pnpil.    Lastly,  I  must  caution  the  reader 
against  making  an  examination  with  dirty  or  dull  gbsses.    Of  oonrse, 
if  the  glass  is  dirty  or  grows  dull  before  the  eye^  which  ray  veadily 
happens  with  cold  glasses,  it  will,  although  it  corrects  the  existing 
anomaly  of  refraction,  be  rejected.   If  we  doubt  whether  this  infin- 
ence  is  in  operation,  we  should  hold  glasses  of  equal  negative  focal 
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distance  before  the  positive  glasses  placed  in  the  frame,  in  which 
case  the  patient  ought  to  see  as  well  us  without  glasses.  If  care 
has  been  takeu  to  have  the  glasses  clean,  this  method  is  very  much 
to  be  recommeuded,  if  we  obtain  confused  answers,  especialijf  if  we 
think  the  credibihty  of  the  patient  is  to  be  doubted. 

As  to  the  functions  of  the  hypermetropic  eye,  we,  in  the  first  phioe^ 
often  find  the  acnteness  of  virion  diminished.   In  the  slight  d^rees 
theie  ia  in  this  respect  seldom  any  difierenoe  to  be  observed,  bnt  in 
liigh  degrees  it  is  almost  exceptional  to  find  S  »  1.   It  ia  evident 
tbat  with  glasses  which  neotnlise  the  hypermetropia,  the  acnteness 
of  vision  becomes  greater,  than  it  was  without  glasses :  in  fact  by 
the  use  of  these,  the  nodal  point  is  moved  more  forwards  than  when  the 
convexity  of  the  crystalline  lens,  increased  by  extraordinary  tension  of 
accommodation,  biiugs  the  focus  into  the  retina,  and  the  retinal 
images  therefore  become  greater  (compare  p.  152).  Even  then,  how- 
ever,  in  high  degrees  of  H,  S  often  remains  below  the  normal.  The 
cause  of  this  diminished  acnteness  of  vision  is  to  be  explained  partly 
from  the  strnctnre  of  the  ^e.   On  aoconnt  of  the  shorter  distance 
between  the  nodal  pomt  and  the  retina,  the  retinal  images  are  smaller 
than  in  the  emmetropic  eye,  and  this  wfll  in  general  continue  also 
with  the  use  of  convex  glasses,  unless  strong  glasses  are  required 
and  these  are  held  comparatively  far  from  the  eye.    It  is  only  if  the 
slighter  optic  nerve  should  possess  an  equal  number  of  nerve-fibres, 
and  the  smaller  surface  of  the  retina  should  contain  an  equal  number 
of  percipient  elements  as  in  the  emmetropic  eye,  that  the  smaller 
magnitude  of  the  retinal  images  would  be  wholly,  or  at  leaat  partially 
omnpenaated ;  but  we  have  no  right  to  assome  sudi  a  relation. 
Moteover,  as  I  have  already  remarked,  the  hypermetropic  eye  is,  more 
than  other  ejea,  liaUe  to  asymmetry.   In  the  Chapter  on  Astig- 
matism, it  will  be  more  fully  explained  in  what  manner  the  acnteness 
of  vision  diminishes  in  consequence  thereof.    Here  I  shall  remark 
only,  that  even  after  the  correction  of  the  astigmatism  and  of  the 
hypermetropia,  the  acnteness  of  vision  usually  remains  rather  con- 
siderably below  the  normal.    In  general  it  may  even  be  said,  that  when 
in  high  degrees  of  H,  the  glasses  are  also  so  placed  before  the  eye,  that 
the  retuial  images  may  be  considered  to  attnn  the  normal  magnitude, 
the  acnteness  of  vision,  nevertheless,  in  many  cases,  does  not  reach  the 
normal.  Tbe  cause  of  this  we  know  not.  FrobaUy  an  accuate 
microsoopical  examination  of  the  yellow  spot  would  enable  us  to 
aeoonnt  for  it. — ^In  addition  to  this  diminution  of  the  acnteness  of 
vision  depending  on  congenital  deviation,  an  acquired  one  frequently 
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occurs  in  h\  })ennetro})ia.  Thus  when  only  one  of  the  eyes  is  in  a 
high  (ifj^^n  e  hypermetropic,  this  eye  is  usually  hut  little  used,  and 
this  exclusion,  with  psychical  sappression  of  the  image?^,  leads  to 
amhlyopia.  Chiefly,  however,  whenstiabismus  is  devebped  in  one  eye, 
to  which  piecisely  in  hypermetropia  a  special  tendency  eziflts  (com})aTe 
§  24),  the  acaUmen  of  Tisioii  rapidly  diminiahes  coaadmibly,  and 
indeed  parlicnlady  in  the  legion  of  the  ydlow  spot  In  this  last  caae, 
when  Uie  eye,  moreoTer,  (m  closing  the  other,  no  longer  fixes,  no 
improvement  of  the  acuteness  of  vision  is  to  he  expected.  Bnt  if 
there  Ix;  no  strabismus,  or  if  the  deviated  eye,  on  closing  the  other, 
still  looks  at  least  by  ]>r(  ferencc  directly,  that  is  with  the  yellow- 
spot,  systematic  practice  with  a  strong  positive  glass  is  almost 
always  capable  of  considerably  improving  the  sight.  It  is  then  suffi- 
cient to  practise  the  weak  eye  for  eight  or  ten  minutes  three  times 
a-day,  while  the  other  eye  is  dosed,  and  with  the  aid  of  the  glaaa  just 
mentioned,  indedphering  or  leadinga  large  t^pe.  A  great  numher 
of  cases  justifies  me  in  asserting  that  the  practitioner  will  seldoin 
find  this  plan  to  disappoint  him. 

What  properly  ch^iracterises  the  vision  of  hypermetropics,  is  not  the 
diminished  S,  but  the  abnormal  refractive  condition,  which  requires 
another  use  of  the  power  of  accommodation.  After  all  that  has  been 
already  stated,  I  have  but  little  to  say  in  reference  to  this  point. 
It  is  understood  that  the  hypermetropic  person  begins  his  accommo- 
dation with  a  deficU,    The  emmetropic  relaxes  that  power  as  much  as 
possible,  and  then  sees  acutely  at  an  infinite  distance ;  he  conveiges 
and  accommodates  as  of  his  own  accord  lor  the  distance  of  the  con- 
vergence, in  youth  up  to  six,  five,  and  four  inches  and  less ;  eveiy  where 
he  moves  about  in  the  middle  of  the  relative  range  of  the  accom- 
modation, which  belongs  to  the  given  convergence.    On  the  con- 
trary, the  hypermetropic  individual,  in  order  to  see  at  a  distance, 
must  already  bring  his  power  of  accommodation  into  action  :  that  is 
his  deficit.    C'onirm  iicinir  with  this,  he  has  still  for  each  convergence 
to  add  as  much  range  of  accommodation  as  the  emmetropic  person. 
It  is  trae  we  may  say,  that  his  accommodation  adapts  itself  to  the 
refractive  condition :  he  learns,  forced  by  necessity  to  practise,  with 
leUtively  Uttle  convergence  to  bring  a'rehUavely  great  part  of  his 
accommodation  into  action,  and  can,  finally,  even  no  longer 
omit  the  increased  tension;  but  constantly,  at  each  conver- 
gence, he  finds  himself  still  nearer  to  the  maximum  of  the 
corresponding  possible  teusiou,  and  both  his  absolute  and  his 
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binocular  nearest  point  lie  fivther  bom  the  eye  than  thej  do 
in    tlie  emmetropic  sabject.    IftoreoTer  all  this  holds  good 
for    tiie  fiMsnltative  hypermetnpia  in  youth:  the  actoal  dii- 
tnrbaiiioe  maj  here  stA  be  absent;  the  eyes  may  fulfil  tiiar 
daily  requirements;  not  a  complaint  may  be  heard.    Bat  with  the 
advance  of  years,  while  the  absolute  range  of  accommodation  dimi- 
nislies;  the  relative,  for  a  definite  convergence,  falls  too  short :  fatigue 
now  rapidly  supervenes,  and  thus  even  in  the  slightest  degrees  of 
hypermetropia  premature  presbyopia  occurs,  wliich  has  more  of  the 
character  of  asthenopia^  the  higher  the  degree  of  the  facultative 
hypermetropia  is,  and  the  earlier  the  age  at  which  difficolty  in 
working  at  near  objects  sets  in. — ^The  case  is  modi  worse  in 
vdatiTe  hypermetropia»   In  it»  as  we  have  seeo^  there  may  still  be 
aocommodi^um  for  paiallel  and  even  Idr  diverging  rays,  bat  only  on 
condition  that  the  eyesconverge  to  a  point,  ataated  neater  than  that 
from  which  the  rays  proceed.   Binocolar  visioo  and  aeate  vision 
thereby  exclude  each  other.    With  one  eye,  under  excessive  conver- 
gence, there  might  be  acute  vision ;  but  generally  speaking,  no  use 
is  made  thereof,  and  if  this  takes  place,  there  is  periodical,  to  be 
followed  by  persistent,  strabismus.    In  very  young  subjects  relative 
hypermetropia  is  rather  onusuaL  It  most  be  a  very  considerable  degree 

of  that  affection  which,  with  \  =5-  or  ^,  might  not  for  a  short 

time  be  overcome,  and  whidi  even  at  a  certain  convergence  shonld  not 
admit  of  sdBcient  binocalar  accommodation.  Bat  at  a  somewhat 
more  advanced  time  of  life,  even  so  early  as  in  the  twenty-fifth  year, 

many  cases  of  H  already  belong  to  tins  category.  Vision  is  in  these 
cases  unfortunately  circumstanced.  Properly  speaking  it  is  never 
accurate  eitlicr  for  distant  or  for  near  objects,  and  every  effort  to 
distinguish  anything,  to  wliich  is  united  great  knitting  of  the  brow,  is 
rapidly  followed  by  fatigue.  Persons  with  such  hypermetropia  are 
always  seeking  the  distance  at  which  they  distingaish  relatively  weU. 
They  hold  the  book  now  farther  off,  then  again  closer,  sometimes  at 
only  two  or  three  inches  from  the  eye ;  bat  even  if  the  print  is  large 
and  distinct,  they  qoicldy  end  by  throwing  the  volume  away.  Very 
bright  light  is  a  great  advantage  to  tbem,  because  with  a  small 
pupil  the  circles  of  diffosion  beemne  less.  They  therefore  endeavour, 
although  less  generally  than  myopic  persons,  to  diminish  the  latter 
by  other  means,  for  example,  by  narrowing  the  space  between  the 
eyelids.  I  have  seen  a  boy  of  eight  years,  very  weak  and  delicate,  w^ith 
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amblyopia  of  the  left  eje,  and  with  H  ^'^^  little  range  of 

•oeonunodatioii  of  Uie  lighl  efe^  wlio  naed  his  xioae  to  dimi- 
vidk  hk  pofiL  When  he  wialied  to  dtttiiiguiih  an3rtliiii&  par- 
ticdailj  in  looking  it  a  ciittancc>  he  tuned  his  head  to  the 
right,  and  looked  with  the  right  eje  direcdj  along  the  noa^ 

which  thus  covered  a  portion  of  the  pupil. — How  inoonoeivafalf 

happy  we  make  such  persons  with  proper  ispectacles,  which 
are  a  natural  complement  of  their  eyes,  and  have  been  so 
long  withheld  from  them,  I  need  not  .siy. — Absolute  hyper- 
metropia  we  scarcely  ever  find  with  the  normal  accommodating 
power  of  jonth*  Qoiy  a  cooi^  of  caaea  of  this  kind  have  occurred 

to  me :  in  the  one  the  hypermetropiu  amounted  to  ^^-^  in  the 
other  to  t}^.  My  friend  William  Bowman  has  enabled  me  to  com- 

municate  a  caae  (aee  p.  290),  in  which  glaaaea  of  ~  heing  emplojed 

for  distant  vision,  the  degree  of  U  was  =  1  :  l*?,  m  fact,  more  than 
enough  to  make  it  necesisarily  absolute.    The  cases  of  absolute,  as 
well  as  those  of  the  higher  degrees  of  relative  H,  present  nlmost 
exactly  the  image  of  myopia,  complicated  with  amblyopia,  with 
which  thej  are  therefore  confounded.    Small  print  such  hjperme- 
tropica  cannot  read — they  appear,  therefore,  to  be  amblyopic, — and 
larger  tTpethej  can  read  only  when  it  is  very  doae  to  the  eye — jast 
like  mjopb  peraona.   From  the  latter  thej  are  diatingnialied  by  the 
fad,  that  at  a  greater  diatance  they  aee  ohjecta  oomparatifely 
aa  well,  that  ia  under  equal  angles,  aanearonea;  and  moreoTer  by  thi^ 
that  with  positiye  apectadea  they  can  reail  the  same  print  at  a  greater 
distance  than  without  spectacles.  The  enigma,  why,  while  the  eye  is 
hypermetropic,  small  objects  are  distinguished  near  the  eye  more  easily 
than  at  some  distance,  for  example,  at  that  of  one  foot,  has  been  partly 
solved  by  von  Graefe"**"  by  a  simple  calculation,  whence  it  appears, 
that  in  auch  eyes,  on  the  ap])roach  of  the  object,  the  retinal  image 
increasea  more  in  magnitude  than  the  circles  of  dififusion,  (partly  also 
because  we  hare  to  do  more  with  polyopia  than  with  aunple  circles 
of  diffbaion),  ao  that  the  form  of  the  object  can  be  better  d»- 
tinguiahed.   Of  the  conectnesa  of  thia,  we  can  eaaily  be  aatiafied* 
by  making  ouradvea  atrongly  hypermetropic  with  negative  glasaei, 
and  then,  without  altering  the  accommodation,  bringmg  large  letters 

•  Archit  f.  Ophthalm.,  B.  ii.  H  1,  p.  181. 
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at  diffiBrent  dittances  before  the  eye.   We  shall  ihiu  diatingiiiBh 
more  eualj  near  the  eye,  than  at  the  diatanoe^  foT  example^  of  one 
foot.    We  will,  however,  at  the  same  time  find,  that  in  recognising 
objects  we  are  far  behind  such  liypermctropics,  whose  anomaly  of 
refraction  has  tlie  same  degree  as  that  which  we  produce  in  ourselves. 
For  this  there  are  diflerent  reasons.    In  the  first  place  the  hy])er- 
metropic  in  this  case  accommodates  as  stroogljr  as  possihle,  in  which 
he  succeeds  admirably  by  convergence  upon  a  proximate  point; 
oonsequently,  too,  his  pupil  becomes  narrower;  moreover,  by  approxi* 
mating  the  eyelids  he  diminiahfia  still  further  the  effisot  of  the  circles 
of  diffosioni  and  thus  probably  makes  a  ainf^  image  eome  forth 
more  stron^y  from  their  polyopic  anrfaoej  in  some  oases  also 
regular  astigmatism  plays  a  part  thereinj  and,  finally,  he  has  by 
practice  learned  from  imperfect  retinal  images  to  deduce  the  true 
foriTis  (jf  the  objects.    In  this  manner  I  believe  we  can  explain  the 
comparatively  great  degree  of  power  of  distiuguisliiiig  very  near 
objects  possessed  by  persons  strongly  hypernietrojjic,  without  being 
obliged  to  take  refuge  in  a  somewhat  mysteiiouB  faculty  of  sup- 
pressing the  circles  of  diffusion. 

Prom  the  above  it  follows  that  the  indication  of  the  existence  of 
slighter  degrees  of  H  is  derived  chiefly  from  the  phenomena  of 
asthenopia^  the  most  important  lesnlt  of  hypermetropiSf  to  the  eon- 
siderstion  of  which  we  now  proceed. 

§  22.  ASTHENOHA. 

A  peculiar  morbid  condition  of  the  eyes  has  long  attracted  the 
attention  of  ophthalmologists.  The  phenomena  of  which  it  is  com- 
posed are  highly  characteristic.  The  eye  has  a  perfectly  normal 
appearance,  its  movements  are  undisturbed,  the  convergence  of  the 
visual  lines  presents  no  difficulty,  the  power  of  vision  is  usually  acute, — 
and  nevertheless  in  readiiigi  writings  and  other  close  work,  especially 
by  artificial  lighty  or  in  a  gloomy  place,  the  objects,  after  a  short  time, 
become  indistinct  and  confused,  and  a  feehng  of  fatigue  and  tensipn 
comes  on  in,  and  especially  above,  the  eyes^  necessitating  a  suspsn^ 
non  of  work.  The  person  so  affiscted  now  often  involuntarily  doses 
his  eyes,  and  rubs  his  hand  over  the  forehead  and  qrelids.  After 
some  moments*  rest,  he  once  more  sees  distinctly,  but  the  same 
phenomena  are  again  developed  more  rapidly  than  before.  The 
longer  the  rest  has  lasted,  the  longer  can  he  now  continue  his  work. 
Thus,  after  the  rest  of  Sunday,  he  begins  the  new  week  with  fresh 

ardour  and  fresh  power,  followed,  however,  by  new  disappointment. 
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If  he  is  not  occupied  with  looking  at  near  objects,  the  power  of 
vision  appears  to  be  normal,  and  every  unpleasant  feeling  is  entirely 
aWnt.  If,  on  the  contrary,  he  endeavours,  notwithstanding  the 
inconvenience  which  arises,  by  powerful  exertion  to  continue  close 
work,  the  symptoms  progressively  increase :  the  tension  above  the 
eyes  gives  place  to  actual  pain,  sometimes  even  slight  redness  and  a 
flow  of  tears  ensue,  everjlhing  is  diffused  before  the  eyes,  and  the 
patient  now  no  longer  sees  at  first  well,  even  at  a  distance.  After 
too  long-continued  tension,  he  is  obliged  to  refrain  for  a  long  time 
from  any  close  work.  It  is  remarkable  that  pain  in  the  eyes  them- 
selves, even  after  continued  exertion,  is  of  rare  occurrence. 

At  first  this  condition  was  considered  as  a  sort  of  amblyopia.  It 
was  called  hebetudo  visits,  amfjlyopie  presf/ytiqite,  or  amhlyopie  par 
presbytie.  By  degrees  the  cause  was  sought  more  and  more  in  the 
organs  of  accommodation,  at  first  in  the  action  of  the  external 
muscles,  subsequently  in  that  of  the  internal  muscular  elements ;  and 
in  the  same  measure  was  the  importance  of  the  retina  thrown  into 
the  shade.  Excessive  tension  of  accommodation  was  looked  upon 
as  a  satisfactory  cause  of  the  troublesome  symptoms  wliich,  it  was 
hoped,  might  be  overcome  by  rest. 

Evidently,  however,  when  it  was  supposed  that  the  origin  of 
asthenopia  was  thus  explained,  the  facts  were  overlooked  that 
thousands  in  like  manner,  sometimes  in  a  still  higher  degree,  put 
their  power  of  vision  upon  the  stretch,  without  being  visited  by  the 
troublesome  phenomena  of  asthenopia  or  impaired  vision,  and  that, 
on  the  other  hand,  these  phenomena  not  unfrequently  occur  in 
men,  nay,  even  in  children,  who  had  exacted  but  little  from  their 
power  of  vision. 

Since  the  same  cause  does  not  produce  in  every  one  the  same 
deviation,  writers  are  accustomed  to  take  refuge  in  a  peculiar  pre- 
disposition. Thus  the  difficulty  is  set  aside.  But  if  the  foundation 
of  this  peculiar  predisposition  be  dark  and  obscure,  pathogeny  has 
gained  but  little  from  the  adoption  of  this  course.  I  therefore 
felt  called  upon  to  propose  to  myself  the  question,  on  what 
the  so-called  predisposition  to  asthenopia  (so  the  condition  was  now' 
more  generally  called)  might  depend,  and  I  soon  became  convinced, 
that  a  congenital  deviation,  namely,  a  moderate  degree  of  hyper- 
metropia,  is  at  the  bottom  of  it.  The  hypermetropia  is  here,  how- 
ever, more  than  predisposition.  The  asthenopia — I  mean  the  ten- 
dency to  fatigue  in  looking  at  near  objects — is  already  wholly  in- 
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cdnded  therein.   Every  hypermetropia  which,  with  reference  to  the 

of  accommodation,  has  attained  a  certaiD  degree,  is  at  the 
^uine  time  asthenopia.    U  the  symptoms  sometimes  do  not  manifest 
tlieiTLselves  until  twenty-five  years  of  age,  or  even  later,  this  is  to  be 
siscribed  merely  to  the  fact,  that  previously  the  range  of  accommoda- 
tion was  sufficiently  great,  easily  to  overcome  the  existing  degree  of 
lijpeniiefcropia.   We  should  beware  of  confounding  the  excitmg  cir- 
cminstanoe  with  the  cause  of  the  affection.  The  exciting  drcnmstance 
of  the  phenomena  consists  in  continued  tension  in  looking  at  nesr  ob- 
jects ;  the  cause,  on  the  contraiy,  is  the  hypermetropic  structure  of  the 
eye.  In  hei,  ssthoiopia  is  not  the  &tigue  itself,  but  the  want  of  power, 
through  which  the  fatigue  occurs.  The  distinction  made  here  is  appli- 
cable to  other  conditions.   When  a  person  going  up  hill  is  soon  ex- 
hausted, the  exertion  is  indeed  the  exciting  circumstance  of  the 
weariness,  but  the  cause  is  to  be  sought  in  the  slight  energy  of 
the  musdes  with  reference  to  the  weight  of  the  body.  This  dispropor- 
tion exists  at  all  times,  although  the  person  ascends  no  hills.  By 
practice  it  will  even  be  partly  overcome^  and  only  after  repeated 
ezcessiFe  eiertion^  witho^  suiBcieut  intermission,  does  the  &tigue 
occur  still  earHer  than  before.  Just  so  is  the  rdation  of  hypermetro- 
pia  to  asthenopia :  after  each  excessive  exertion  longer  rest  is  required ; 
but  total  want  of  practice  makes,  on  the  first  efibrt,  the  phenomena 
follow  still  more  quickly.    The  analogy  is  perfect. 

I  have  already  asserted  that  hypermetropia  is  usually  at  the  bottom 
of  asthenopia.  The  truth  of  this  assertion  has  been  doubted*  I 
now^  however^  go  a  step  further,  and  venture  to  maintain,  that  in 
the  pure  form  of  asthenopia  hypermetropia  is  scarcely  ever  wanting. 

llie  doubts  which  were  expressed  are  to  be  ascribed,  on  the 
one  hand,  to  insufficient  investigation, —  observers  sometimes 
found  no  Hm,  and  neglected  to  examine  whether  the  H  was 
supprt'-sscd  by  accommodation;  on  the  other  hand,  to  confusion 
with  other  morbid  forms.  I  readily  admit,  that  many  diS'erent 
conditions  were  included  under  the  name  of  hebetudo  or  asthenopia. 
When  inconvenience  was  felt  on  continued  exertion,  this  appeared  to 
some  sufficient  to  justify  the  inference  that  asthenopia  eziisted.  On 
this  account  dififerent  forms  of  irritation,  congestion  in  myopio  eyes, 
hypenesthesia  of  the  eye,  with  increasing  pain  on  exertion,  diffisrent 
affiBctions  of  the  retina  and  of  the  ehoiaid,  nay  even  the  beginning  of 
trachoma,  and  foreign  bodies  in  the  sac  of  the  conjunctiva,  might 
all  be  united  under  one  denomiuatiou.    But  I  camiot  concur  in 
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the  adoption  of  such  a  primitive  semeiotic  method.  It  leads 
inevitably  to  confusion  of  ideas  and  of  conditions.  When  I 
asserted  that  asthenopia  is  tlie  result  of  the  hypermetropic 
structure  of  the  qre,  I  was  thinkings  not  of  a  sjmptom^  but  of  a 
portrait  of  disease,  sodi  as  has  been  drawn  above,  and  in  this  sense 
I  can  fully  maintain  my  assertion.  In  general,  if  the  portrait  be 
luthftilly  and  perfectly  copied  from  nature,  we  nm  little  xiak  of  find- 
more  than  one  condition,  to  which  it  applies. 

Now  that  it  has  actually  been  shown,  that  asthenopia  depends 
on      it  appears  to  be  so  natural  a  result  of  the  latter,  that  the  in-  I 
ference  evidently  suggested  itself  a  prif/ri.    Extraordinary  tension 
of  accommodation  is  required  by  the  ordinary  employments  of 
young  eyes.    From  youth  the  eye  adapts  itself  to  these  requisites,  , 
so  far  as  it  is  able  to  do,  so  that  the  range  of  accommodation  | 
alters  its  margin  and  the  H  becomes  in  part  even  latent.  JBut, 
in  spite  of  aU  this,  it  finally  falls  too  short.    The  diminution  of 
the  range  of  accommodation  with  the  time  of  life  explains  it  satis- 
fiustorily.   Hie  asthenopia  then  giadnally  aets  in,  at  first  only  under 
less&voorable  conditions  of  iUnminatiim,  and  extraordinaiy  exeiiioD 
or  headache,  subsequently  on  all  occasions  and  without  exception 
when  close  work  is  performed  even  for  only  a  comparatively  short 
time.    In  general  the  symptoms  of  asthenopia  show  themselves  the  , 
earlier,  the  higher  the  degree  of  H  is,  on  which  they  depend.  I  found  ^ 
the  year  of  life  at  which  the  asthenopia  begins  to  be  about  equal  to  the  , 
denominator  of  the  fraction  by  which  the  degree  of  H  is  expressed:  ^ 

with  H  =s  ^  we  may  expect  the  commencement  of  asthenopia  in  ' 

the  tenth  year,  with  H  =  ^   not  until  the  25th  year.     With  ^ 

1  .  I 

H  s=  ^  it  in  the  fortieth  year  nearly  coalesces  with  the  presbyopia,  ^ 

and  the  symptoms  are  then  less  characteristic.    Finally  where  H  is  i 
absent,  presbyopia  is  developed,  as  we  have  above  seen  (p.  215), 
not  with  the  complaint  of  fatigue,  but  \vith  that  of  defective  vision  j 
for  near  objects.     The  cause  of  this  is  evident.    Asthenopii^  j 
namely,  depends  upon  the  fact,  that  not  only  at  a  distance  j 
of  6,  S,  and  10  inches,  but  likewise  at  that  of  12^,  16%  and 
20',  and  even  at  an  infinite  distance,  acute  vision  takes  place  only  i 
wiili  special  ellbrt  of  llie  power  of  accommodation.    In  the 
commencement  of  presbyopia  in  a  nonmd  eye  on  tin  cratmy,  vision 
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at  S'  is  absolutely  impossible,  but  at  12",  or  at  least  at  16',  it  takes 
place  without  special  exertion,  and  at  a  great  distance  the  weakest 
positive  glass  has  even  an  injurious  effect.    The  hypermetropic  eye 
is  therefore  little  or  not  at  all  benefited,  by  removing  the  object 
some  inches  further;  the  presbyopiCi  on  the  contnuy,  is  thereby 
rdieved  of  all  eztraordiiiaiy  eiertion.   The  former  ia  obliged  to 
cease  wa^ng ;  the  latter  ocmtuioes  to  woik  without  trouble^  pio- 
▼ided  the  Tisiial  angle  at  the  diatanoe  of  16'  is  not  too  small. 
While^  even  at  the  eommenoement  of  the  eierlion,  the  presbyopic 
eye  sees  distinctly  only  at  a  greater  distance,  the  need  of  spectacles, 
to  make  \ision  at  a  shorter  distance  possible,  is  evident.    In  the 
hypermetropic  eye,  on  the  contrary,  there  may  at  first  be  ver\"  acute 
vision  for  near  objects :  the  need  of  spectacles,  which  would  in  this 
eaae  serve  to  make  Tiaioa  at  anjf  diatanoe  eatUr,  was  therefore  o£ten 
overlooked. 

For  this  difoenee  between  presbyopia  and  hypqrmetropia,  the 
rdatiTe  range  of  aooommodatbn  of  the  noimai  eje^  m  incipient 
presbyopia,  sdBeieiitly  aoeonnts.    Beyond  the  binocular  nearest 

point,  in  incipient  presbyopia,  the  positive  part  of  the  range 
in   question  rapidly  increases  rather  considerably,  while  in  the 
hypermetropic  individual  it  increases  only  slowly,  and  at  each  con- 
veigence  remains  a  very  subordinate  part.    But  neither  in  this  also 
is  everything  included.  I  started  pronsionaliy  from  the  suppositioi^ 
that  in  the  same  eye,  iox  tnvening  eqnal  parts  of  the  range  of 
aooommodatioii,  eqoal  exertion  of  the  musonlar  system  is  leqniied. 
Bat  this  is,  however,  ba  from  bebg  perfectly  true.    Both  the 
coraplkated  meehanism  and  iJie  mode  of  action  of  the  effect  obtained 
render  it  almost  inconceivable,  that  this  exact  proportion  should 
ever  exist.    But  particularly  in  presbyopic  persons,  whose  crystalline 
lens  has  become  lirmcr  and  has  gradually  shifted  forwards,  this 
proportion  is  by  no  means  to  be  expected.    The  result  thereof  is 
this :  that  in  oompaiison  to  its  magnitude,  the  positive  part  of  the 
relative  range  of  acoommodation  in  the  piesbyopio  individual  repre- 
sents mere  mnscnlar  tension  than  the  negative  part»  and  that 
tbenfore  in  the  lattor  the  relation  between  these  two  petts  may  be 
more  nnfavoorable  than  in  the  yoothfiil  eye,  and  may  yet  not 
produce  fatigue  so  early. 

The  condition  for  the  occurrence  of  asthenopia  may  now  be  still 
more  generally  formulizcd  :  it  is  the  presence  of  a  rather  considera- 
ble, but  at  the  same  time  insufficient,  range  of  accommodation.  Now 
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in  general  this  insolBcwil^  is  attributable  to  H,  as  has  been  follj 
eiplaioed.   Bat  H  ma/  prooeed  alao  from  w»it  of  enogy.  This 
]ait  ooeon  eioepftioiially,  effpeciallj  in  genenl  weakneM^  from  loss 
of  Uood  or  otberwiae,  and  io  paresis.    In  both  tbeae 
tfaefe  is  this  pecnliaritv,  that  a  brief  bnt  rather  poweffnl 
exertion  is  possible,  bui  that  the  energy  employed  is  almost 
diatelv  lost.    We  observe  this  in  all  muscles,  and  it  is  true  also  (rf 
those  of  the  eye.   A  half-paralyzed  arm  is  still  raised  with  force,  but 
it  immediately  falls  powerless :  a  single  almost  spasmodic  contraction 
has,  as  it  w«re,  exhausted  the  nraacular  power.   In  like  manner  the 
eye  is  accommodated,  for  a  moment  to  a  rather  near  point,  but  re- 
laiation  forthwith  ensoes,  and  peniatent  tenaion  ia  impoaaible.  We 
now  easily  vnderatand,  how  nnder  weakening  inflnenoes^  for  eczampk^ 
after  eihaostlng  diseases,  after  loss  of  blood,  phenomena  manifiDat 
themselves,  which  have  the  greatest  resemblance  to  those  of  as- 
thenopia in  consequence  of  H.     These  phenomena  occur  with 
especial  rapidity  nml  characteristically,  when  a  slight  degree  of  H 
exists,  which  on  an  energetic  accommodation  was  hitherto  still  easily 
owcome.    The  same  is  true  of  pareab  of  accommodation,  as  will 
hereafter  be  explained.    If  in  theae  caaea  the  H  be  entirdy  abaen^ 
the  condition  is  diatingniahed,  among  other  thinga,  firom  ordinaiy 
aathenopiay  by  the  &ct,  that  now  at  kaat  viaion  at  a  distance  is 
poaaible  without  tension  of  accommodation,  and  therefore  peraia- 
tently.    In  H  this  is  not  the  case.    Of  course,  the  phenomena  are 
developed  the   more  rapidly,  the  closer  to  the  eye  the  objects 
must  be  seen,  (for  its  proximate  binocular  point  even  the  power- 
fully accommodating  emmetropic  eye  is  asthenopic) ;  but  even  in 
looking  at  a  distance,  the  phenomena  of  asthenopia  would  in  the 
hypermetropic  not  be  absent,  if  there  were  necessity  to  accom- 
modate accurately  for  a  long  time  nmntenrnptedly  for  distant  objeeta. 
I  am  convinced  that  the  aathenopic  person,  who  atatea  that  he 
experiences  no  tronble  in  ordinaiy  life,  and  that  he  sees  wdl  at  a 
distance,  in  tarns  relaxes  his  accommodation,  and  is  only  thus  pre- 
served from  fatigue.  Accordingly  some,  as  even  Mackenzie  remarked, 
state  too,  that  remote  objects  also  on  being  fixed,  sometimes  become 
indistinct.    Now  this,  I  repeat,  is  inconsistent  in  emmetropia,  e?en 
when  the  power  of  accommodation  has  quite  lost  its  energy. 

There  are  still  other  morbid  states,  whose  symptoms  have  some 
resemblance  to  thoae  of  asthenopia.  To  these  belong  espeMj 
jnsnfficiency  of  the  internal  recti  muscles,  which  von  Ghnaefe*  has 

•  Archivf.  Ophikalmoloffie,  B.  iii.  1,  p.  308,  and  B.  viii.  2,  p.  814. 
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»l'Ddied  with  such  excellent  results,  and  to  which  1  sliall  revert  in 
s£>cakingof  the  movements  of  the  myopic  eye,  where  this  iiisufliciency 
is  more  particularly  apt  to  occur.    This  form  was  distinguished  hy 
^on  Giaefe,  under  the  name  of  asthenopia  mu^cularis^  from  that 
l&ere  deacribed,  which  may  be  called  the  accommodative  asthenopia. 

 ^In  astigmatism  too,  we  shall  find  phenomeDa^  lesemhling  those 

of  askhenopia.  I  shall  endeaYoiiry  in  the  proper  place,  to  examine 
Hew  hi  spisdal  pecolianties  ehancterise  each  of  these  morbid  forms. 

An  emmetropic  person  can  easily  form  an  idea  of  the  vision  of 
tlie  hypermetropic,  and  of  the  conditions  and  phenomena  of  asthe- 
nopia, by  making  his  own  eyes  hypermetropic  by  means  of  the 
negative  glasst's  required  for  that  purpose.     The  only  condition 
necessary  is,  that  he  have  a  tolerably  good  accommodating  power. 
The  tendency  to  bring  this  into  action  takes  place  inmiediatelj,  and, 
as  it  were,  involimtanly.  At  a  certain  strength  of  the  negative  glass 
lie  sees  distinctly  and  acutely  by^  at  each  angle  of  conTergence, 
increadng  his  accommodation  with  the  degree  of  the  prodoced  H. 
But  fatigue  will  ensue,  and  he  will  easily  satisfy  himself  of  the  diffi- 
culty of  continuing  to  see  accurately  also  at  a  distance. — The  young 
myopic  individual  needs  only  to  take  too  strong  negative  glasses,  in 
order  to  bring  himself  into  the  same  state.    If  the  myopic  person 
have  somewhat  exceeded  his  fiftieth  year^  he  needs  only  to  neu- 
tnlise  his  myopia  in  order  to  obser\  e  in  himself  the  phenomena  of 
pEefll>yopia:  for  those  of  asthenopia  he  has  then  lost  Uie  capacilj. 

It  will  have  heen  evident  to  the  reader,  that  the  phenomena  of 

asthenopia  proceed  from  nothing  else  than  from  fatigue  of  the 
muscular  system  of  accommodation.  In  what  this  fatigue  consists 
deserves  to  be  more  closely  examined. 

In  my  investigations'^  respecting  the  elasticity  of  muscles,  I  have 
distinguished  two  forms  of  fatigue. 

One  form  proceeds  from  the  actual  eiieigy,t  produced  by  the 
nniaele.  13ie  woik  consists  in  the  moving  of  a  load.  The  load 
may  be  the  body  itsdf  or  some  part  of  the  bodyi  which  is  moved, 
or,  in  addition  thereto,  an  object  external  to  the  body. 

Distinguished  from  this  is  the  fatigue,  which  is  the  result  of  the 
simple  extension  of  an  elastic  muscle  in  a  state  of  contraction. 

*  See  the  preliminary  oommooloatiim  in  Ver$lagen  en  mededeeUngm  der 
JSmiM^TBt  Aktuhmm  van  WtUmeh^^peu^  1859,  D.  iz.,  p.  113. 

*  1 1  use  the  tennt  of  Mr.  Ran1dne»  adopted  alio  by  Mr  John  lyadall 
{MhU  eimtUkr^  tu  a  mode  ^motion,   London,  1863,  p.  137.) 
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Thi«  takes  place  when  a  burden  is  held,  withont  being  moved,  m, 
for  exani[)lo,  when,  wirli  the  arm  bent  at  a  riprht  angle  at  the  elbow- 
ioint,  tlie  hand  is  loaded  with  a  weiirht  :  the  arm  and  the  weiirht 
remain  in  the  same  place,  and  yet  fatigue  soon  occurs.    At  the 
moment  when  the  weight  was  placed  in  the  hand^  some  actual  energy 
(chemical  action  in  the  nmacle)  was  indeed  required  to  make  the 
arm  continue  in  the  same  poaition:  the  muacks  (mnu  biceps  ci 
brachialia  intennia)  had  to  oontiaet  more  stroDglyj  in  order  in  the 
atate  of  eztenaion  iadneed  by  the  weight,  to  lemaia  aa  dioii  aa 
before,  and  the  actual  energy  (the  chemical  action)  was  thus  con- 
verted into  a  potential  energy  (elastic  tension).    Moreover,  the  mus- 
cular contraction  irradually  increases  as  much  as  the  greater  exten- 
fibility,  accompanying  the  increasing  fatigue  of  the  muscles,  requires. 
It  has,  in  fact,  been  proved  that,  accordingly  as  the  muscle  becomes 
more  fatigued,  ita  extenaibilify  increaaea^  and  this  increasing  extensi- 
bility gradnally  reqoirea  aogmentiiig  oontmctioQ,  in  order,  under  the 
extending  actian  of  the  aame  load,  to  keep  the  mnade  aa  diott  aa  it 
was.  Thifl  ia  evident  from  the  £iet,  that  on  the  nnexpected  removal 
of  the  load,  the  arm  bends  involmitarily,  aa  a  result  simply  of 
the  previous  extension  of  the  elastic  contracted  muscle, — the  more 
strongly,  the  longer  the  weight  has  rested  on  the  hand ;   and  in 
that  involuntary  motion  of  the  arm  the  potential  energy  of  the  ex- 
tended muacle  again  becomes  actual.    Finally,  also,  there  was  con- 
tinually some  actual  energy  in  the  oscillations  of  the  electric  currents, 
composing  the  negative  deflection  of  the  tetaniaed  (contracted) 
moadlea  and  nerves,  and  most  likely  converted  into  heat.   It  was 
therefore  nnder  mote  tiian  one  mode  tliat,  without  extenial  pheno- 
mena having  been  visible,  some  energy  wma  actml,  while  arm  and 
weight,  unaltered,  occupied  the  same  place.    But  that  energy,  in 
its  different  modes,  seems  to  be  very  small  in  com]inrison  to  the 
often  repeated  lifting  of  the  same  weight.    I  therefore  think  the 
fatigue  j)roceeding  from  the  performance  of  labour,  must  be  distin- 
goished  from  that  arising  from  simple  extension.    According  to  the 
law  of  the  conservation  of  energy,  we  may,  in  the  first  oss^ 
expect  more  metamorphosis  of  matter  in  the  organism.  The 
aooeleration  of  the  heart's  action  appeared  to  me  to  be  the 
measure  thereof.   I  found,  in  &ct,  that  when  a  weight  is  held 
during  some  minutes  resting  on  the  hand  of  the  bent  arm,  the  pul- 
sation of  the  heart  is  much  less  accelerated  than  when,  tlunng  an 
equal  space  of  time,  the  weight  is  alternately  taken  off  by  another, 
and  with  extended  arm  placed  again  upon  the  hand,  and  nowhy 
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flexion  nosed  onoe  more  to  tlie  original  height.  Tlie  feeling  of 
fatigOB  in  the  muscle  is,  however,  in  the  latter  case  not  greater  than 
in  the  former. 

In  explanation  of  the  fatigue,  which  is  the  result  of  the  perform- 
ance of  labour,  we  may  take  refuge  in  an  accumulation  of  products  of 
metamorphosis  of  matter  in  the  nuiscular  tissue,  which  really  goes 
hand-in-hand  with  it.     The  fatigue,  proceeding  from  extension, 
under  the  iuflaence  of  a  load  not  further  mo?ed,  may,  partly  at  least, 
have  another  aouroe.    Thus  the  extension  might  give  rise  to 
pressure  on  the  nerve-filaments  in  the  mnsde :  in  faet,  without  the 
extension  hj  a  load,  iiatigne  does  not  arise  in  the  mnsde,  though 
contracted  in  an  equal  degree.  Frohabljr,  however,  it  depends  partly 
also  on  an  increase  td  tiie  products  of  the  metamorphosis  of 
matter  in  the  muscular  tissue,  produced  not  so  much  hj  an  acce- 
lerated formation,  as  by  retarded  elimination.    Indeed,  in  uninter- 
rupted contraction  the  vessels  are  compree^ed  and  the  circulation  is 
impeded,  while  in  motion  from  muscular  action  the  latter  is  excited 
and  accelerated.    That  accumulation  of  products  of  metamorphosis 
is  co-operative,  is,  moreover,  admissible,  because  in  both  cases  the 
coefficient  of  elasticitj  of  the  muscle  decreases, — which  coefficient 
may,  I  think,  be  connected  with  the  presence  of  some  products  of 
metamoiphosis  in  the  nutritive  fluid  of  the  mnsde.   But  this  is  not 
the  place  to  enter  more  fnllj  into  this  question.   It  is  sufilcient 
to  have  directed  attention  to  the  distittetion  to  be  made. 

Now,  to  which  form  of  fatigue  does  that  belong,  which  arises 
from  persistent  accommodation  for  accurate  vision  in  the  hyperme- 
tropic eye  ? 

Evidently  we  have  here  to  do  with  persistent  extension  of  the  muscle 
in  a  state  of  contraction.  The  extension  is  the  result  of  the  resistance 
emdsed  by  the  parts  involved  in  the  aoeommodation,  while  their  form 
and  position  nndergo  a  change.  By  virtue  of  dastidty  th^  resume 
thdr  original  form  and  position,  so  soon  as  the  contraction  of  the 
internal  muscular  lystem  of  accommodation  ceases.  The  latter  must, 
therefore,  in  order  to  produce  persistent  aeoommodation,  be  in  a  state 
of  permanent  contraction.  This  permanent  contraction  causes 
fatigue,  and  the  fatigue,  promoted  by  extension,  increases,  as  was 
above  remarked,  the  extensibility  :  in  consequence  of  this  law,  the 
contraction  must  be  always  increasing,  in  order  to  keep  the  muscle 
equally  sluurt  and  to  make  it  permanently  exercise  the  same  force 
(in  equiHbriiun  with  the  lesbtance).  Sooner  or  later  therefore  the 
Mgne  aiQst  pats  into  powerlessnm.    A  moderate  oontnotion. 
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such  as  ia  lequured  in  the  normal  eye,  maybe  kept  up  wililionft  &tigii^ 
for  almost  an  entire  day.  A  degree  of  contraction  is  even  possi- 
ble, at  which  the  recovering  power  of  tlie  muscle  removes, part  passu, 
the  fatigue  proceeding  from  contraction :  the  extensibility  in  that 
case  does  not  increase.  This  appHes  particularly  to  iuvoluiitary 
muscles,  consisting  of  fibre-ceilSy  to  which  (at  least  in  mammalia)  the 
internal  muscles  of  the  eye  belong.  But  where  hypermetropia  exists, 
such  a  degree  of  contraction  ia  reqaired^  that  increasing  fatigue,  at 
length  proceeding  to  complete  kas  of  energy,  cannot  long  be  absent. 
Thns  iJl  the  phenomena  of  asthenopia  are  readily  explained.  It 
seems  to  me  that  there  is  therefore  no  reason  for  leeorting  in  addi- 
tion either  to  the  condition  and  the  fnnction  of  the  retbi^  or  to 
pressure  of  the.  fluids,  or  to  obstruction  to  the  circolatton. 

To  fatigue  through  work,  as  has  been  above  said,  the  same  law 
is  applicable :  here,  too,  the  coefficient  of  elasticity  diminishes ;  here, 
too,  the  extensibility  is  therefore  increased.  Actual  work  is  done  hy 
the  muscular  system  of  accommodation,  when  the  eye  is  accommo- 
dated alternately  for  different  distances.  This,  however,  need  scarcely 
oyer  take  place  to  soch  a  degree  as  to  give  rise  to  fiitigne. 

What  are  the  resolts  of  continned  ezcessi?e  tension  of  aocommo- 
dation  in  asthenopia? 

In  former  years,  cspedallj,  the  most  fearftil  consequences  were  pre- 
dicted from  it.  Asthenopia  was  considered  to  be  the  first  stage  of,  or  at 
least  to  be  intimately  related  to,  amblyopia,  and  the  latter,  it  was  sup- 
posed, threatened  the  destruction  of  the  asthenopic  eye,  if  it  was  not 
condemned  to  almost  absolute  rest.  Precisely  the  mode  of  treatment  of 
oculists,  in  giving  asthenopics  no  spectacles  or  insufficient  spectacles, 
has  placed  me  fairly  in  a  position  to  satisfy  myself  of  the  unfounded 
nature  of  their  fears.  I  have  seen  hundr^  of  aathenopic  patients, 
who  from  youth  up  to  their  30th  or  40th  year,  some  to  an  aidvanoed 
period  of  life,  had  every  day  anew,  without  spectades,  cx  with  too 
weak  spectadeiy  obetanately  pushed  the  tension  of  accommodation 
to  the  uttermost^  and  I  have  never  seen  a  diminution  of  the  acute- 
ness  of  vision  arise  from  such  a  course.  It  appears  also,  that  in  H 
a  certain  immunity  against  many  kinds  of  diseases,  which  tlircaten 
the  power  of  vision,  actually  exists ;  it  is  certain,  that  by  excessive 
tension  of  accommodation  the  retina  is  not  brought  into  tlanj^er. — 
In  rare  cases,  ])erhaps  in  one  in  a  thousand,  I  have  observed  that 
on  every  effort  to  see  near  objects,  almost  immediately  violent  pain 
arose  in  the  eye,  evidently  connected  with  the  contraction  of  the 
muacUs  of  accommodation.   This  painful  apasm  made  it  necessary. 
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for  the  patient  direcdj  to  lefindn  firom  work.  Nor  did  the  use  of 
speotaeleB  avail  him,  for  in  each  case  near  objects  were  seen  with 
conTei^nee,  and  the  tension  of  accommodation  connected  with  this 

convergence,  was  sufficient  to  excite  the  pains.  These  remarkable 
case^,  the  cure  of  which  was  obtain(;d  by  the  regular  instillation  of 
sulphate  of  atropia,  which  completely  excluded  the  accommodation, 
while  strong  glasses  meanwhile  rendered  work  possible,  I  shall 
have  to  desciibe  more  fall^  in  speaking  of  the  anomalies  of  aooom* 
modation. 


An  eridant  piool^  that  neither  the  nature  nor  the  oanaes  of  the  phenomena 
of  aetheiuqpiahad  heen  folly  ascertained,  notwithfltanding  many  endeavoiirs 

to  investigate  them,  is  to  be  found  in  the  host  of  names  by  whioh  tbis  con- 
dition has  been  designated  by  different  writers.  They  are  almost  innumerable: 
dehiUtat  vinu  of  Taylor,  amblyopia  a  topica  retmee  atonia  of  Plenok,  affaiWuise- 
mrnt  de  la  vue  of  Wenzel,  Ge$ichUschwdche  or  hebetudo  visus  of  Jiingken, 
dalnei*  of  sight  of  Stevenson,  debollezza  di  vista  per  stanchczza  di  nervi  of 
Scarpa,  dimness  of  vision  of  Middlemore,  visas  evan'tdus  of  Walther,  impaired 
vision  of  Tyrrel,  amaurosis  musctdaris  of  J.  J.  Adams,  affection  of  the  retina 
from  Men«{w  ntploymmt  of  LawMBOe,  lauUudt  oaikuii  or  disposition  a  la 
Jiatigm  ie$  jftuM  of  Bonnet,  kopioph  or  cpkikaimokopie  of  P^trequis,  SehtSeke 
der  JugtH  of  Ghelin^  oMffvpie  par  pre^jfiU  ou  preshyUqut  of  ffiohel,  kmguor 
oaiU  of  Arlt,  tUmiif  wlfutimg  tight  of  Smee^  impaired  mnon  from  overwork 
of  Cooper,  and  perhaps  many  others  ttill. 

Otir  knowledge  of  asthenopia  commenoed  with  that  of  the  phenomena  of 
the  affection.  By  degrees  the  description  thereof  became  more  true  and 
more  accurate,  and  what  did  not  belong  to  it  was  separated  from  it.  It  is 
evident  that  in  a  condition  such  as  this,  constituting  a  part  of  the  floating 
idea  of  weakness  of  vision,  occurring  with  many  complications,  and  present- 
ing numerous  varieties,  according  to  the  time  of  life  and  the  use  made  of  the 
eyes,  there  was  great  diihculty  in  sketching  a  typical  picture,  so  long  as  the 
cause  of  the  leading  feature  of  the  affection,  and  thofefbre  its  nature,  were 
unknown.  So  it  waa  ponihla  that  although  eren  Taylor*  had  givan  a 
good  akotdh  in  tho  IbUowiog  words: — **dantar  ezem^  nbi  itatim  ah 
initio  leotiooii,  et  poot  eam,  Utterw  oonfoae  permiztn  Tidaantor,  et  hino 
legentet  a  leotiono  pcohibeantur,  quod  etiam  acn  tnbtili  nentibiu,  toI  alind 
quodounqna  negotinm,  fjunnodi  longam  axeos  directionem  oertum  versus 
objectom  quoddam  reqairens,  tractantibus,  accidere  solet,"  the  well-defined 
lineaments  of  the  picture  were  airain  obliterated  by  unessential  phenomena 
and  mixed  up  with  those  of  amblyopia.  According  to  this  tho  cause  of 
the  affection  was  uow  generally  sought  in  the  rLtina  or  in  the  chorioidea. 
That  Plfnckf  was  inclined  to  thisopiuion,  is  atonce  evident  from  the  name  he 

*  Taylor,  Nova  Noeograpkia  Opikthahnca,  f  189,  p.  151.  Hamborgi  ot 

lipsio;,  1766. 

t  Plenk,  Dodrina  de  morbU  oeuhnun,  p.  188.  Yiennse,  1792. 
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gave  it  of  amblyopia  a  iopica  retime atonia.  Scarpa*  sees  in  the  affection  fatigue 
of  the  nerres,  especially  of  those  which  have  direct  reference  to  vision  ;  and  if 
the  picture,  sketched  by  Beerf,  was  to  be  considered  as  sufficiently  charac- 
teristic, we  might  say  also  of  him,  that  he  ascribes  the  disturbance  to  a  weak- 
ness of  the  retina,  or  to  a  change  in  its  structure.  Without  determining  the 
nature  of  the  affection,  Lawrence  %  also  states,  that  this  is  to  be  sought  in 
the  retina,  perhaps  primarily  in  the  chorioidea,  but  still  he  clearly  shows 
that,  while  the  acuteness  of  vision  is  perfect,  it  has  been  incorrectly  classed 
together  with  amblyopia,  and  Tyrrel  §  endeavours,  rather  by  number  than 
by  foroe  of  arguments,  to  prove  that  a  preceding  congestion  of  the  chorioidea 
is  the  primary  cause  of  asthenopia,  which  congestion  might  even  pass  into 
chorioiditis.  At  first  Sichel  il  is  yet  farther  from  the  truth  :  he  looks  upon 
the  affection  as  the  beginning  of  amblyopia,  **  le  premier  degr6  d'amblyopie 
oil  le  malade  voit  parfaitement  ou  preaque  parfaitemcnt  bien,  mais  oil  la  vue 
ne  supporte  pas  la  moindre  fatigue  et  se  trouble,  d^s  que  le  malade  applique 
les  yeux  pendant  quelque  temps  ou  meme  pendant  quelques  minutes." 
JungkenH  still  distinguishes  his  hebetudo  vistit,  of  which  he  assumes  not 
less  than  ten  varieties,  from  the  proper  amblyopia,  and  remarks  very  justly, 
that  it  is  diating^shed  from  the  amblyopias  by  the  fact,  that  in  the  latter 
*'  the  power  of  vision  has  already  suffered,  that  the  patient  in  general  can 
no  longer  distinctly  recognise  objects,  which  in  weakness  of  sight  (asthenopia) 
is  by  no  means  the  case  but  he  adds:  "this  latter  may,  however,  pass 
into  amblyopia,  and  this  is  usually  the  case,  if  its  causes  are  not  removed." 

It  is  by  Bonnet  {Gazette  medicale  de  Pari*,  4th  September,  1841),  and 
particularly  by  P^trequin  {Ann.  d'Oculisi.f  v.  p.  250,  and  vi.  p.  72,  1841  and 
1 842),  that  we  first  find  the  retina  excluded,  and  the  primary  cause  of 
asthenopia  sought  in  the  muscular  organs  of  the  eye,  especially  in  those  of 
accommodation.  The  external  muscles  were  by  them  put  most  prominently 
forward,  and  being  too  much  preoccupied  with  the  idea  of  tenotomy,  in  order 
to  cure  the  asthenopia,  they  thought  more  of  an  injurious  pressure  of  the 
muscles  than  of  fatigue.  Mackenzie,**  too,  comes,  in  his  remarkable  treatise, 
to  the  conclusion,  "  que  ce  sont  les  organes  ou  I'organe  d'ajustement,  qui 
sent  affectds  dans  cette  maladie,  et  qui  en  sont  probablement  le  sidge 
principal."  Perhaps  he  would  have  ventured  to  exclude  the  retina ;  but 
he  thought  he  had  observed,  that  myopics  also  are  subject  to  asthenopia. 


•  8oarpa,  Trattato  delle  prmcipale  Malattie  dvgli  Occhi^  Vol.  ii.  p.  241. 
Pavia,  1816. 

t  J.  G.  Beer,  Lehre  von  den  Augenkrankhciten,  Theil  ii.  p.  17.  Wien,  1817. 
X  Lawrence,  Treatise  on  the  Diseases  of  the  Eye,  p.  566.  London,  1841. 
§  Tyrrel,  Practical  Work  on  the  Diseases  of  the  Eye,  Vol.  ii.  p.  25. 
London,  1840. 

II  Sichel,  Train  de  fophthalmie,  la  cataracte  et  Pamaurose,  p.  646. 
Paris,  1837. 

II  Jiingken,  Die  Lehre  von  den  Auyenkrankheiten,  p.  780.    Berlin,  1832. 
Memoire  sur  Vasthenopie  ou  affaiblissement  de  la  vue.  Annates  (fOcul., 
Tome  z.  pp.  97,  155. 
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And  that  convex  glasses  do  not  protect  the  WMrcr  against  attacks  <rf  lliat 
affection.  Elsewhere  {Practical  Treatise,  1854,  p.  4th  Qditu»ll)i  W6  read 
again :  "  Were  it  entirely  a  disoaso  of  the  apparatus  of  accommodation, 
looking'  through  a  small  aperture,  by  making  the  use  of  the  accommodating 
power  unnecessary  for  the  time,  would  make  vision  distinct."  It  hence 
appeared  perfectly  logical,  not  to  seek  the  seat  of  the  alFection  simply  in  the 
accommodation.  The  observatiou  was,  however,  incorrect.  The  difficulties 
'which  myopics  sometimes  experience,  represent  another  form  of  disease,  and 
BtoTBOTBrwehmve  reaaon  to  belieye  that  Miokeniie  haa  inaomctly  suppoaad 
the  eziataioe  of  myopim  In  aomeof  kia  patienta.  Aa  to  tho  attaeka  dming  the 
1180  of  OOIITOZ  glaaaea,  wo  ahaU  aee  that  Maokensio  waa  too  timid  to  give 
^aoMa  of  anffioieiit  streDgth,  and  aathanopui  ia,  of  oonne,  not  to  be  ramorod 
by  the  use  of  too  weak  glasses,  and  lastly,  asthenopics  really  see,  when  they 
are  tired,  compaiatlTely  well  and  easily  through  a  small  opening. 

From  this  time  we  find  fatigue  of  accommodation  mentioned  by  different 
writers,  as  at  least  a  cooperative  cause  of  asthenopia.  Sichcl*  had  not  yet 
a  just  idea  of  accommodation,  but  he  had  nevertheless  arrived  at  the  con- 
viction that  his  amaurose  presbt/fique,  which  he  now  himself  identitied  with 
asthenopia,  occurred  only  in  presbyopic  eyes,  and  this  point  he  correctly 
maintains  against  Mackenzie.  But,  on  the  other  hand,  he  keeps  np  the 
oonnezion  with  amblyopia,  and  alill  thinka  that  thio  affeotion  may  very 
enaily  pasa  into  inoorable  amanroaia. 

With  good  xeanlt,  the  implication  of  the  retina  in  aathenopia  waa  hy 
Bdhmf  aet  atill  farther  aside.  He  shows  espeoiaUy,  that  nervee  of  motion 
ate  much  more  liable  to  he  affected  with  fatigue  than  nerves  of  aenae,  and 
he  conaeqnently  aeeks  the  primary  cause  of  the  afieetion  in  the  motornerrea 
of  the  eye.  It  ia  true  that  Bohm's  theory  remains  somewhat  obscure  and 
indefinite,  in  consequence  of  the  part  he  ascribes  to  the  external  muscles  of 
the  eye,  and  of  his  not  very  clear  ideas  of  near-  and  farsightedness  ;  but  in 
non-squinting  asthenopics  he  recognises  as  the  cause  of  the  attection,  the 
want  of  permanent  power  of  accommodation  for  near  objects,  and  with 
great  satisfaction  he  mentions  that  he  has,  by  means  of  convex  glasses, 
delivered  many  aaQienopic  padenta  from  their  tronblea.  Bdhm  ia»  in  tnitb, 
the  firat  who  nneonditumaUy  reoommended  the  nie  of  oonTOX  glanea  in 
asthenopia.  Aa,  howeyer,  he  did  not  hit  npon  the  prineiple  for  the  deter- 
mination of  the  required  strength  of  theae  glaasea,  those  he  presoribed 

.were in  general  far  too  weak       to        from  which,  indeed,  much  could  not 

be  expected,  and,  moreover,  supposing  that  ho  had  to  do  with  an  anomnly  of 
aocommodation,  he  still  adhered  to  the  hope  of  being  able  to  cure  the  asthe- 
nopia. Bohm's  theory  was  almost  unconditionally  adopted  by  Kucte.t  This 
sagacious  author  expressly  states  that  the  exciting  causes  are  not  known,  and 

*  XefOfis  dimqui9  dea  IhimKm  €f  dea  Hat$  ptUhokgifues,  eoiuieuitfa  d  hur 

mage  irratwnnel.   Bruxelles,  1848. 
t  L.  Bdhm,  Bas  Schielen,  p.  117. 

X  Huet%  Itterboek  der  ophthalmologte  in  het  Kederduttsch  betcerkt  en  met 
uanteakemn^  voarmen  door  Professor  Donders,  p.  713.   Utrecht,  1847. 
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that  the  disease  may  be  congenital  and  sometimes  hereditary :  thus  he  appears 
to  be  upon  the  point  of  asking  what  may  be  the  organic  basis  of  the  affec- 
tion, but  he  finally  contents  himself  with  the  conclusion,  that  the  proxi- 
mate cause,  as  Buhm  has  proved,  is  a  weakness  of  the  motor  nerres  of  the 
eye."    Thence  also  his  hope  of  curing  the  disease. 

Others  have  been  less  circumspect  in  the  assumption  of  exciting  causes. 
The  majority  of  these  observers  believed  the  causes  they  assigned  to  be 
alone  sufficient  to  produce  asthenopia.  Among  these  causes,  exoessiTe  ten- 
sion of  accommodation  for  near  objects  was  especially  mentioned.  The  very 
names  given  by  some  to  asthenopia,  **  Affection  of  the  Retina  from  exces- 
sive employment"  of  Lawrence,  "Impaired  Vision  from  overwork'*  of 
Cooper,*  show  how  much  importance  was  attributed  thereto.  By  Carron 
du  Yillards  t  we  find  asthenopia  even  described  as  a  peculiar  form  of  disease, 
from  which  the  embroiderers  of  Nancy  were  said  to  have  particularly 
suffered,  and  soon  after  the  same  affection  was  found  among  the  laeemakers 
of  BrusseU.  Sichel,  too,  thinks  that  particular  callings  develop  this  oundi- 
tion.  Thus  the  circumitanoe  under  which  the  existing  anomaly  might 
manifest  itself  by  peculiar  morbid  phenomena*  was  considered  to  be  the 
cause  of  the  anomaly  itself.  This  cannot  cause  surprise.  Up  to  the  16th, 
the  20th,  nay,  even  to  the  25th  year,  the  power  of  vision  had  continued  normal; 
no  complaints  were  made;  but  gradually,  precisely  in  persons  who  were  almost 
incessantly  occupied  with  close  work,  the  continuance  of  the  latter  had  be- 
come more  and  more  difficult,  and  if  the  work  was  for  some  time  suspended, 
improvement  took  place.  Could  it  be  otherwise  than  that  the  affection 
should  be  considered  as  a  purely  acquired  condition,  and  that  the  cause  of 
it  should  be  sought  in  excessive  tension  ? — In  addition,  a  long  train  of 
causes  has  been  drawn  up  by  Mackenzie  and  others  from  circum- 
stances which  accidentally  coincided  with  the  development  of  the  pheno- 
mena. 

If  we  glance  back  at  what  has  been  above  stated,  we  find  that  asthenopia 
at  first  lay  concealed  in  amblyopia,  that  it  gradually— although  still  referred 
to  amblyopia,  whether  as  predisposition,  whether  as  the  commencement,  or, 
finally,  as  a  peculiar  form  of  that  affection— emerged  from  its  obscurity,  that 
afterwards,  without  the  participation  of  the  retina  being  as  yet  denied,  its  seat 
was  sought  more  and  more  in  the  organs  of  accommodation,  until  at  last  the 
retina  was  almost  completely  eirlndcd,  and  the  condition  was  looked  upon 
as  a  disease  of  the  motor  nerves  and  of  the  organs  of  motion  of  the  eye. 

At  this  time  the  source  of  the  power  of  accommodation  had  not  yet  been 
discovered,  much  leas  had  its  mechanism  been  demonstrated.  There  was 
almost  as  much  reason  to  assign  the  principal  part  in  that  function  to  the 
external  muscles  of  the  eye,  as  to  the  muscular  system  situated  in  the  eye. 
This  led  to  the  supposition  that  asthenopia  was  to  be  sought  in  a  spas- 
modic contraction  of  some  external  muscles  of  the  eye,  and  there  were 
practitioners  who  had  the  courage  to  cut  through  these  muscles.  This  is 
a  melancholy  page  in  the  history  of  operative  ophthalmic  surgery.    It  is 

•  White  Cooper,  On  Xear  SiffAi,  etc.  p.  124. 

t  AnnaUs  tf  OcuJUtiqu^,  Tome  iii.,  Suppl^m.  p.  236. 
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the  more  sad,  because  thereby  in  general  ignorance  is  exposed,  so  f^reat,  that 
myopia,  presbyopia,  and  asthenopia  were  not  even  distinguished,  and  because, 
on  the  other  hand,  w  o  find  results  communicated  to  which,  to  use  no  harder 
expression,  we  will,  with  Mackenzie,  apply  only  the  words  of  Scarpa : 
**  Islorie  di  gaarig^ioni  sorprandflnti,  e  pooo  diniinili  dai  prodig;i." 

Mmdi  may,  bowmr,  be  alkged  in  ezenlpatioii.  In  the  fint  place,  history 
shows  th«t  emy  diaooYerj,  and  eeitainly  alio  every  new  operatkn,  uoally 
lends  to  exaggeration*  This  is  the  result  of  an  en^miasm  deeply  rooted  in 
hninnn  nature,  and  which  has  also  its  good  side.   Without  it  troth  appears 
to  gain  no  vietoiy  in  the  domain  of  science.   Moreoyer,  in  the  operation  for 
strabismns,  improvement  of  the  power  of  Yision  was  actually  obtained,  and 
Xnany  now  thouglit  that  thia  improyement  was  the  result  of  a  change  of  re- 
fraction :  in  the  then  position  of  science  this  was  certainly  rather  to  be  expected 
than  an  even  now  unexplained  improvement  of  the  acuteness  of  vision.  "We 
may  also  assume  that,  even  when  asthenopia  existed  without  strabismus,  the 
rest  wliich  the  patients  liad  to  observe  for  some  time  after  the  operation 
caused  the  fatigue,  on  an  endeavour  to  read,  to  occur  less  quickly.  Besides, 
it  is  easy  to  understand,  that  when  the  musculua  rectus  intemus  was  cut 
Unough,  stronger  tension  of  aooommodafion,  with  oonrergenoe  of  the  visual 
lines  to  a  eertain  point,  beoame  possible,  just  as  may  be  eifeeted  by  means 
of  a  prismatio  glass  with  the  refraoting  angle  dirested  inwards.  In  any 
esse,  we  wiU  not  jndge  harshly  A  the  operators  of  tibat  season 
<tf  rags  for  operating.  It  is  enough  that  for  a  time  the  oanse  of  asthenopia 
was  sought  in  the  external  muscles  of  die  eye,  and  that  the  results 
obtained  on  division  of  the  latter  were  supposed  to  furnish  a  fresh 
proof  of   the  '  correctness  of  the  yiews  of  those  who  referred  it  to 
them.   Asthenopia  was  in  these  cases  really  the  subject  of  discussion. 
Although  here  Bonnet,*  for  whom  the  priority  of  the  application  of  the 
division  of  the  muscles  in  these  cases  ia  claimed  by  Phillips  and  Gui'rin,t 
as  well  as  Cunier,t  is  speaking  of  myopia,   the  cases  communicated  by 
these  writers  leave  no  doubt  respecting  the  nature  of  the  affection.  They 
supposed  that  myopia  existed,  whenever  anyone  could  decipher  a  certain 
print  better  near  the  eye  than  at  the  distance  of  a  foot,  and  they  thought 
that  the  myopia  had  giyen  way,  or  was  diminished,  when  sueh  a  person  oould 
subsequently  distinguish  thesame  print  at  a  greaterdistanee,  or  eonld  continue 
his  work  longer. 

From  this  error  even  Ludwig  Bdhm  was  not  completely  free.  After  the 
diseofsiy  of  the  principle  of  aooommodation,  nothing  more  was  said  of 
abooimal  pressure  of  the  muscles  of  the  eye,  nor  of  dividing  the  latter 
as  a  remedy  for  asthenopia.  Stellwag  yon  Carion  §  refers  asthenopia  excla> 
siyely  to  a  diminution  of  accommodation,  and,  indeed,  in  particular  to 


*  AmuUei  tPOevL,  Tome  yi,  p.  73. 

f  JbitL,  Tome  v.,  p.  31. 

:  Ibid.,  Tome  t.,  pp.  139, 173. 

S  Stellwag  yon  Carion,  Die  Ophihalinologi»  vom  naiitrwitMmehaftlieheH 
Standpunkte  am,  Bd.u.  Eriangen,  185&. 
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piMbyopim.  "  Is  Majority  of  eaaet,"— thw  he  expresses  his  •fOMBr— 
''MffBial  xinm  ftmm  vidsr  tlw  phenomena  of  asthenopia  into  prabj- 
epia,  and  kopiopis  never  corae«  so  remarkably  under  obserratton  as  in  tbe 

eyet  of  elderly  <>|.|<..  It  belong^s  quite  especially  to  the  later  epochs  of  life ; 
and  if  it  is  sorm  times  obserTed  in  youth  as  the  precursor  of  presbyopia, 
the  attending  circumstances  are  in  general  of  such  a  nature,  that  a  condition 
of  the  muscle  analogous  to  involution  is  highly  probable."  He  could  not 
say  more  plainly  that  Jie  considers  asthenopia  to  be  a  lesion  of  accommoda- 
tion. VunGraefe*  puts  the  question  on  as  broad  a  basis  as  possible,  by  htre 
assigning  to  asthenopia  only  a  symptomatio  signifieatioii.  Thus  he  demon- 
strates tht  wfateit^  sf  MtfcsBopia  awolaiis,  prrmsniliiig  froB  InnlBiiiiiMy 
of  thsmwsoliiwtiiBftMiiL  Mowow,  he  brings  •stbsnopi>iat»iiuMui  iis« 
with  slight  iigisss  of  prosbyopia.  And  whsa  ho  Author  sees  asHisnopia 
arise,  "where  the nsaisst  pofait  is  but  little  lenofed,  bvt  where  still  tht 
rtgiam  ^  ptrwmiumt  aee^mmodation  lies  oonsidenihly  ftfther  from  the  efs 
than  is  normally  the  oass,**  he  eeems  really  on  the  point  of  thinbing  of  hy- 
peneetropia.  In  other  respects,  von  Graefe  attaehes  more  importance  to  the 
influence  of  the  retina  than  1  think  ought  to  be  assigned  to  it.  Finally, 
he  observed  asthenopia  in  consequenoe  of  "  actual  paresis  of  accommoda- 
tion," and  in  truth  the  description  of  the  latter  may  alwiHit  oompletBly 
apply  to  asthenopia,  the  result  of  hypermetropia. 

Our  knowledge  had  reached  this  point,  when  If  discovered  the  cause  of 
asthenopia  in  the  hy])eriiietr<>pir  structure  of  the  eye.  The  supposed  anomaly 
of  aocommodation  then  became  an  anomaly  of  refraction,  the  connexion  of 
asthenopia  with  the  oircumstanoes  under  which  fatigue  is  manifested  was 
made  meeteleer,  the  nsesssi^  of  oomplete  reUef  by  speotsolee  wis  pnifen, 
while  at  the  same  time  the  hope  of  a  ladicnl  ooze  of  asthsnopin  was  eztin- 
gnishsd  Ibr  em* 


§  1^.  Tbsatuent  of  Hyfebhetropta,  with  Special  Bbfeiusncb 

TO  Asthenopia. 

The  treatment  of  asthenopia  has  always  been  called  "rational." 
I  remember  the  time  when  this  qualificatioii  was  considered  to  be  an 
honour,  and  when  he  who  in  modicine  stood  npon  mere  empiri- 
cal groondf  was  regarded  with  disdain.  Fortimatelj,  a  change  has 
taken  place  in  this  respect  It  has  hecome  more  and  more  evident  Uial^ 
even  with  perfect  knowledge  of  the  nature  of  an  anomaly,  the  final 
decision  most  remain  with  empiricism,  and  that,  with  our  defectbe 

•  ArehwfOr  Ophihahn.,  Bd.  ii ,  Ahth.  i.,  p.  160. 

t  Nedtrlandtak  TStbehrift  seer  Oemetk.  Jtmxg^  1858,  pw  473. 
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Ancl  imperfect  notions^  science  cau,  with  respect  to  therapeutics, 
Wktf  the  most,  occasionallj  saggest  what  deserves,  by  preference,  to  be 
m&bmiUed  toinveBtigitioiiy  and  tliat  her  farther  doty  is  to  endeayoor 
4o  explain  what  has  been  ascertained. 

Asthenopia  has  been  looked  npon  as  the  result  of  sn  enfediled 
power  of  accommodation.    Hence  its  "  rational "  treatment  was 
directed  against  the  causes  of  debihty,  and  demanded,  above  all 
-feliiDgs,  rest  of  accommodation.    With  this  view,  Tyrrell  prescribed 
flt  systematic  tieatment.   Now,  rest  was  certainly  most  perfectly  at- 
-ftttinable  by  avoiding  all  woA  in  which  looking  at  near  objects  was 
neeesaaij,  and  where  the  latter  ooold  not  be  wholly  dispensed  with, 
m%  was  ihoni^t  that  the  same  objeot  migfat  he  atteined  by  the  nse 
of  eoDvex  glasses,  althoogb,  on  aooonnt  of  the  tension  of  aooommo" 
dation  connected  with  convergence,  this  plan  would  necessarily  be 
less  successful.    This  constituted  the  first  period  of  the  treatment, 
ill  which  tlie  organs  of  accommodation  should  by  rest  be  relieved 
from  their  morbid  state.    Again  on  rational  grounds,  the  second 
period  mast  follow-* that  of  practice :  the  spectacles  were  giadoAlly 
weakened,  and  close  work  was  permitted  for  longer  and  longer  in- 
tervals, thon^  with  the  strict  injonotion  to  suspend  the  work  on  the 
oecmrence  of  the  least  iiiitigiie.  Thns  it  was  hoped  that  the  asthe- 
nopia night  be  permanently  overcome.   Many  also  actually  as- 
serted— and  in  good  faith — that  they  succeeded  in  this.    But  were 
the  patients  not  desired  always  to  take  care  of  themselves  ?    Did  not 
the  presoribed  spectacles  remain  in  their  hands  ? — and  would  not 
many,  desiring  to  be  relieved  from  a  long-continued  treatment,  have 
represented  their  state  too  favonrably,  and  when  they  got  worse,  have 
simply  stayed  at  home  P   I  am  convinced  that  the  gieat  majority,  if 
ihey  need  their  eyes  as  formerly,  would  be  equally  affected  by  the 
same  ttooUesome  symptoms.— On  the  snpposition  that  tiie  retina 
was  in  some  measure  implicated  in  the  affection,  Bohm  and  Raete 
thought  it    rational  "  to  recommend  that  the  convex  glasses  should 
be  blue.    And,  indeed,  this  might,  if,  as  usual,  the  glasses  allowed 
were  too  weak,  on  account  of  the  greater  refrangibility  of  the  blue 
rays,  even  if  the  retina   was  not   over-sensitive,  be  attended 
with  some  advantage,  which  cannot  be  said  of  the  London  smoked 
§la$»  recommended  by  FronmiUler,  by  the  sbnply  light-diminish- 
ing action  of  which  it  is  certain  that  few  astibenopics  wonld  he 
benefited. 

All  ophthalmologists  did  not,  however,  boast  so  much  of  the  ex- 
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odlenoe  of  Uidr  raolta.  In  many  cuob/'  gayi  Mwskemrie,  tnaiting 
of  the  prognosis  of  asthenopia^  ''it  is  our  duty  to  dedue  the 
disease  incurable.    If  the  patient  is  a  young  lad^  bound  apprentice 

to  a  sedentary  trade,  and  tlie  disease,  from  its  duration  and  its 
mode  of  origin,  not  likely  to  yield  to  treatment,  we  may  advise 
him  to  turn  shopkeeper,  to  apply  himself  to  country  work,  or  to 
go  to  sea :  if  a  female,  occupied  constantly  in  sewing,  to  engage  in 
household  afiairs,  or  any  other  healthy,  active  employment.  Many 
a  poor  man  have  I  told  to  give  up  his  sedentary  trade,  and  drive  a 
hme  and  cart;  while  to  those  in  better  aircomstances,  and  not  £» 
advanced  in  Hffl^  I  have  recommended  emigration,  telling  them  that 
ihuugh  they  never  coold  employ  their  eyes  advantageously  where 
much  reading  or  writing  was  reqaired,  they  might  see  sufficiently 
to  follow  the  pastoral  J)ur^illits  of  an  Australian  colonist/' 

What  is  the  reason  that,  before  taking  so  decided  a  st^p  in  the 
destination  for  life  of  a  man,  it  has  not  been  without  prejudice  inves- 
tigated, what  tlie  eflect  would  be  of  the  constant  use  of  stronger 
convex  glasses  ?  Is  it  prejudice>  in  general^  against  the  use  of  the 
latter  by  young  persons  P  Or  had  the  old  apprehension  thai  as* 
thenopia  might  lead  to  amblyopia  found  fresh  support  in  the  expe- 
rience thaty  after  the  use  of  sufflloient  convex  glasses,  the  eyes  (as  we 
now  know,  in  consequence  of  displacement  of  the  relative  region 
of  accommodation)  soon  act  in  close  work  still  less  perfectly  than 
beforij  ?  Certainly  the  prejudice  must  be  deeply  rooted ;  for  tbere 
lay  a  very  significant  hint  in  the  ol)servation  drawn  by  Mackenzie 
from  life :  "  A  child,  the  subject  of  asthenopia,  engaged  in  learning 
his  lesson^  complains  he  cannot  see,  and  repeats  the  complaint  so 
frequently,  especially  by  candlelight,  that  his  father  or  grandfather 
at  last  says,  '  Try  my  glasses.'  TAe  ekUd  mow  sees  perfectly,  and 
night  after  night  the  loan  of  the  glasses  is  lequiied  before  his  taak 
can  be  finished/'  And  yet  he  adds^  ''It  would  have  been  better 
had  glasses  been  selected  of  the  longest  focus,  which  would  have 
enabled  the  child  to  read,  or,  better  still,  he  had  been  put  to  bed, 
and  the  lesson  left  till  daylight."  There  is  no  doubt  that 
Mackenzie  gave  far  too  weak  glasses,  and  therefore  he  concludes  ^^  ith 
the  unsatisfactory  words  :  "  In  some  instances  the  state  of  asthenopia 
is  so  very  easily  excited,  that  the  patient  is  never  able  to  apply 
himself  to  any  trade  requiring  the  ordinary  use  of  sight.  These 
facts  are  sufficient  to  show  the  serious  nature  of  asthenopia.  It  is 
an  infirmily  much  more  to  be  dreaded  than  many  disorders  of  the 
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eye  which,  to  superfidal  observation,  present  a  fiur  more  formidable 
appearance/' 

It  is  a  great  satisfaction  to  be  able  to  say  that  astbenopia  need 

now  no  longer  be  an  inconvenience  to  any  one.    In  this  we  have  an 
example,  by  what  trifling  means  science  sometimes  obtains  a  triumph, 
l^lessing  thousands  in  its  results.    The  discovery  of  the  simple  fact 
tJxat  asthenopia  is  dependent  on  the  hypermetropic  structure  of  the 
eye,  pointed  out  the  way  in  which  it  was  to  be  obviated.    Could  it 
l>e  otherwise  than  that,  with  the  correction  of  the  hypermetropia  bj 
msmn  of  oonveK  glasses,  its  lesnlting  asthenopia  mnst  also  disappear  ? 
Sat  here,  too,  science  migbt  mislead  one.   For  it  might  appear 
Tatbnal  to  determine  the  degree  of  the  total  hypermetropia,  and  to 
ncntralise  this  entirely,  and  at  first  I  proposed  this  method.  But  T  had 
overlooked  the  fact,  as  experience  soon  taught  me,  that  even  in  the 
use  of  completely  neutrahsing  convex  glasses,  the  hypermetropia 
remained  in  part  latent,  in  consequence  of  which  not  only  was  the 
vision  of  distant  objects  with  these  glasses  indistinct^  but  also,  with 
moderate  convergence,  the  eje  was  still  always  accommodated  for  a 
too  near  point.  The  unpleasant  sensation  connected  with  ihe  re- 
laxation to  the  minimnm  of  the  relative  range  of  accommodation, 
wher^  in  this  case  also  vision  at  an  ordinary  distance  was  not 
yet  acute,  caused  the  object  to  be  brought  closer  and  closer  to  the 
eye,  and  thus  we  saw  the  patient  fall  from  Scylla  into  Charybdis — 
that  is,  from  accommodative  into  muscular  asthenopia.    My  error 
laj  in  suppotung  a  neutralised  hypermetropic  to  be  equal  to  au  em- 
metropic eye,  which,  as  I  have  above  (p.  123)  shown,  is  by  no 
means  the  case.   Thus  it  is  in  general :  science  theorises;  practice 
tests  and  rectifies  her  ^hypotheses,  and  of  this  rectification  science 
has,  in  order  to  restore  herself,  again  to  give  account. 

In  the  establishment  of  the  rules  to  which  expenence  led  me,  I 
must  distinguish  between  two  series  of  cases :  n,  those  which,  with 
normal  range  of  accommodation,  are  exchKsiv(  l\  dependent  on  II; 
6,  those  where  diminution  of  the  range  of  accommodation,  or  want 
of  energy,  plays  a  more  or  less  important  part. 

The  great  majori^  of  the  cases  belong  to  the  /irs^  category :  hy- 
permetropia is  the  cause,  and,  indeed,  the  only  cause,  why  close 
vision  cannot  be  maintained.  It  is  sdf-evident  that  this  form  ocoura 
only  in  youth,  when,  if  the  eye  were  emmetropic,  the  idea  of  the 
existence  of  presbyopia  could  not  yet  be  entertained.  Indeed,  as 
I  have  already  explained,  a  certain  range  of  accommodation  be- 
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longs  to  the  conditions  of  asthenopia.  Many  announce  themselves 
83  asthenopics  at  from  the  eighteenth  to  the  twenty-sixth  jear  of  life, 

when  \  has  descended  to  ^  or  ^.    The  majority  of  these  aze 
A  5  o 

females.  The  cause  of  this  appeals  to  me  to  consist  ezdnsiTely  in 

the  oocnpatioii.    He  who  is  not  constantly  occupied  with  doee 

work  acqfdres,  even  with  a  moderate  degree  of     no  symptoms  of 

asthenopia.  iSow,  in  most  female  occupations,  continued  close 
vision  is  undoubtedly  more  required  than  in  those  of  males ;  and  in 
certain  ranks  of  society,  where  the  man  is  almost  wholly  exempt 
from  special  tension  of  accommodation,  sewing  and  darning  in  the 
evening,  and  often  hy  bad  light,  fall,  in  addition  to  her  hooaehold 
work^  to  the  lot  of  the  woman.  In  this  alone,  and  hj  no  means  in 
the  more  fteqnent  occurrence  of  Hj  I  think  we  must  seek  the  canse 
why  the  complaint  of  asthenopia  is  oftener  heard  from  women  than 
from  men. 

The  first  thing  we  have  to  do  in  asthenopia  is  to  determine  the 

degree  of  the  manifest  hypermetropia — in  other  words,  to  examine 

what  is  the  strongest  convex  glass  with  which  the  vision  of  distant 

objects  becomes  acute.   This  glass  is,  however,  seldom  suffident 

completely  to  guard  against  fatigue  in  close  work.  The  patient  may, 

nevortheless,  be  allowed  to  read  with  it  at  onr  consnltation ;  but  it 

is  only  when  he  can  do  this  witkont  any  inconvenienoe^  and  when, 

moreover,  witk  these  glasses  the  binocular  nearest  point    lies  hat 

a  little  fiurther  from  the  eye  than  in  the  emmetropic  organ  at  the 

same  age,  we  can  determine  in  favour  of  commencing  their  use. 

But  we  often  find  inmiediate  indication  to  give  him  somewhat 

1  1 
stronger  passes,  for  example,  of  Hm  ss        in  veiy 

young  persons,  in  whom  we  may  expect  much  HI,  and,  moreover, 
in  those  who  are  somewhat  more  advanced,  for  example,  at  thirty 
yean  of  age,  when  the  range  <tf  accommodation  has  undergone  much 
diminution,  glasses  which  correct  only  the  Hm  are  msmdy  ever 
sufficient  If  the  patient  can  easily  return,  the  glasses  thought 
suitable  are  given  him,  without  any  further  direction  than  never  to 
work  without  the  spectacles,  every  half  hour  to  interrupt  his  work  for 
some  minutes,  to  avoid  excessive  fatigue,  and  in  about  eight  days  to 
bring  a  report  of  how  he  finds  himself.  Almost  invariably  he  re- 
turns with  expressions  of  satisfaction  and  gratitude.    He  now  ob- 
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tains  permission  to  nsc  his  eyes  at  hb  own  diacretioB,  and  is  le- 
quieatedto  ntoun,  if  hefeeli  any  inooavenieDce — in  any  case  after  the 
lapse  of  a  year  or  two,  when  probably  the  Hm  shall  have  somewhat 
iBcaeased,  and  the  use  of  stronger  spectacles  shall  have  beoone  ad- 
visable.  But  it  may  also  aj)pear  that  the  glasses  were  either  too 
weak  or  too  strong.    If  too  weak,  the  asthenopia  has  not  been  en- 
tirely removed ;  and  we  now  often  tind,  especially  on  some  fatigue, 
a  rather  hiij^her  degree  of  Hm  than  before :  we  also  find  that  jOj, 
defined  with  the  glasses,  is  further  from  the  eye  than  it  ought  to  be ; 
*-of  course,  we  must  then  go  up,  often  even  above  the  Hm  now 
aeoertainedi  and  bring  the  jh  nearly  to  the  normal  distance.  II 
the  glasses  were  too  strongs  the  work  had  to  be  held  too  near  the 
eye ;  acnte  ymaai  was,  indeed,  thus  attained,  but  a  pecnliar  sensa- 
tion of  fatigue  ensned  (mnscnlar  asthenopia).    This  complaint,  al- 
though rare,  occurs  sometimes,  even  when  only  the  Hm  has  been 
neutralised :  the  explanation  of  this  is  found  in  the  too  powerful 
tension  of  accommodation  excited  each  time,  and  depending  upon 
habit,  precisely  at  a  convergeuce  of  from  10'  to  I4s".    Under  such 
drcumstanoes,  we  mnst  really  begin  with  weaker  glasses,  and  pass 
over  to  stronger  ones  in  proportion  as  the  extraofdinary  tensioii 
ceases.   In  the  other  eases,  the  holding  the  book  too  near  is  eom^ 
bined  with  the  conqplaini,  that  with  the  spectacles  distant  Tiaion  is 
so  particularly  bad.   I  may  say  that  of  late  years  it  has  seldom  oe- 
coned  to  me,  that  the  glasses  chosen  with  attention  to  the  aboye 
mles    have   not  completely  answered  their   purpose.      I  very 
seldom,  also,  find  it  necessary  in  astheno])ia  to  have  recourse  to 
the  employment  of  mydriatics  for  the  determination  of  H.  It 
is  only  in  those  cases  where  the  asthenopia  justifies  us  in 
supposing  the  existence  of  H,  and  where,   nererthdyes^,  no 
Hm  is  observed,  not  even  on  moderate  &tigae!r^iirther,  when 
the  spectacles  fixed  on  and  modified  on  good  principles,  do  not 
answer, — perhaps,  also,  when  we  can  see  the  patient  only  once,  that 
the  employment  of  a  mydiiatie  is  required  in  the  interest  of  the 
pati^t.    But  it  is,  however,  perfectly  justifiable  for  the  sake  of 
the  more  accurate  sludv  of  the  connexion  between  Hm  and  HI,  the 
more  so  becaiuse,  duriiiG:  mydriasis,  if  necessary,  close  work  may  be 
very  well  performed  with  stronger  spectacles.    If  we  now  know  Hm 
and  HI,  we  give  glasses  which  nentralise  Hm  and  about  ^  of  HI :  in 
general  they  will  answer  the  purpose  either  immediately,  or  alter  a 
few  weeks. 
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Hitherto^  as  we  have  aeen^  ophihalmologiate  endeavomed,  hj  the  use 
of  progressively  weaker  glaaaeato  ohtam  a  radica]  cure  of  asthenopia. 
With  the  knowledge  of  the  cause  of  astheuopia  this  endeavour  is 

compkk'ly  reversed.  We  wish  gradually  to  give  stronger  glasses, 
and  therefore  we  investigate  from  time  to  time  in  our  astlieiiopic 
patients,  the  position  of  the  relative  region  of  accommodation,  or 
perhaps  only  the  Hm,  and  if  the  latter  appears  to  he  iucieased,  we 
give  aooording  to  the  rules  kid  down,  other  and  stronger  glasses.  It 
is  not  until  the  H  has  almost  oompletely  given  iray  to  Um^  and  the 
rektive  region  of  aooommodationhas  on  the  whole  acquired  a  normal 
position,  that  we  have,  in  the  use  of  the  glasses  so  indicated,  a 
decided  guarantee  against  the  return  of  the  asthenopia,  and  in  young 
persons  the  saiue  gla<si;s  are  now  adapted  for  distance  and  for  near 
objects.  With  this  strengthening  of  the  glasses  laymen  have  some- 
times made  known  their  fears  to  me  that,  at  last,  no  spectacles  should 
be  found  strong  enough  to  accommodate  their  eyes.  To  persons  in 
their  situation  this  fear  would  certainly  appear  to  be  justified.  We 
may,  however,  quite  set  them  at  ease  on  this  point.  I  usually  take  the 
trouble  to  explain  to  them,  that  if  once  the  deficient  power  of  the 
eye  shall  be  entirely  made  good,  the  limit  for  the  strength  of  the 
glasses  is  provisionally  attained,  and  that  what  the  senfle  changes  at 
a  more  advanced  period  of  life  in  general  demand,  can  still  very  easily 
be  added.  It  is  evident  that  even  under  the  most  unfavourable  cir- 
cumstances, we  cannot  easily  be  obliged  to  rise  to  such  strong 
gksses  as  are  necessary  in  aphakia.  To  these  unfavourable 
circumstances  belong  amblyopia,  and  especially  deficient  range 
of  accommodation.  What  has  already  been  said  on  these  points 
in  speaking  of  Fr,  may  be  here  also  the  guide  of  our 
treatment.  Bules  for  the  management  of  the  combination 
of  H  with  Pr  are  there  given.  I  have  in  this  place  only  to 
mention,  that  in  amblyopia  of  one  eye,  in  consequence  of  exclu- 
sion, separate  practice  of  this  eye  with  a  reading  or  magnifying 
glass  several  times  daily,  for  some  nnnntcs  at  a  time,  is  indicated. 

So  much  for  the  use  of  spectacles  for  near  objects.  It  is  now  an 
important  question,  whether  asthenopics  should  also  in  ordinary  life 
wear  glasses  for  distant  objects.  On  a  superficial  view  there  appears 
to  be  no  objection  to  such  a  plan.  Why  should  a  person  not 
remove  the  Hm,  and  thus  make  the  acute  vision  of  distant  objects, 
without  extraordinary  tension,  possible?  Undoubtedly,  if  we  could 
make  the  glass  an  integral  part  of  the  eye,  we  should  have  no  reason 
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to  hesitate.  We  should  tlien  even  be  justitied  in  neutralising 
almost  the  whole  II,  convinced  that  the  relative  region  of  accommo- 
dation would  soon  adapt  itself  to  the  new  refractive  condition.  But 
this  i.s  not  the  case :  the  glasses  do  not  stand  ///  the  eje,  but  hrfore 
the  eje,  and  are  sometimes  not  even  at  hand.  Hence  it  is  of  great 
consequence^  that  the  patient  should  be  able  to  distinguish  tolerably 
well  also  without  glaaaes,  and  it  is  certain  that  if  the  hypennetropic 
mdividual  accustoniB  himself  to  wear  oonecting  spectacles,  he  will 
gradually  lose  the  power  of  distinguishing  without  glasses.  That  is 
the  uufavonrable  side  of  the  question  of  wearing  spectacles.  Even 
in  employing  spectacles  for  near  objects  he  loses  in  part  the 
advantageous  use  of  his  accommodation  :  but  in  this  case  an  actual 
necessity  is  in  question,  and  he  has,  therefore,  no  choice.  Not  so 
with  respect  to  looking  at  distant  objects.  With  repeated  strong 
tension  of  accommodation  the  power  of  vision,  as  we  have  seen, 
remains  undisturbed  in  hypermetropio  individuab.  from  the  tension 
necessary  to  see  distincily  without  spectadea  at  a  distance,  which  is 
each  tinie  required  only  as  for  a  moment,  no  injurious  effect  is  certainly 
to  he  expected.  Therefore  this  may  safely  be  required  of  the  accom- 
modation. Consequently,  when  H  is  still  wholly  facultative,  when 
the  persons  can  even  say  to  us :  hi  ordinary  life,  I  luivc  no  incon- 
venience, and  at  a  distance  I  see  excellently,^' — we  should  not  press 
spectacles  on  them  to  be  worn  constantly.  At  most  we  may  say  to 
them,  that,  when  they  have  become  somewhat  older  (when  the 
facultative  U  shall  have  given  pkce  to  relatively  absolute)  they  will 
derive  great  ad?antage  from  the  use  of  spectacles  for  distance  also ; 
they  can  then  apply  to  the  oculist,  so  soon  as  they  observe  that  they 
no  longer  distinguish  satisfisctorily  at  a  distance.*  But  it  is  quite  ano- 

*  Last  year  I  had  the  good  fortune  to  meet  au  Eoglish  ge&tleman,  eminent 

in  the  identifio  world.   I  observed  that  he  saw  with  speotaolee  of  ^  at  11' 

distaaoe,  and  oonelnded  theiefoie  that  he  was  hypermetropic.  "Ton  do  not 
see  well  at  a  difltanoe,*'  I  remarked  to  him.  "O  noP  replied  the  able 
and  vigorouB  veteran, "  I  no  looger  recognise  the  characters  of  minerals, 
as  I  formerly  did,  at  a  great  distance,  and  if  I  wish  to  look  at  them  before 
my  feel  throogh  my  speotaoleB,  I  stomUe  over  them."  '*  Qo,"  I  rejoined, 

"and  ask  the  optician  for  glasses  of  J  . "  On  the  foUowing  day  he  wrote 

to  me:  "  I  cannot  tell  you  how  grateful  I  am  for  the  ncxc  sense  you  have  given 
me.  I  now  see  the  eyes  of  the  handsome  pirls,  and  the  wrinkles  of  the 
old  ladies  as  well  as  when  I  was  a  young  soldier. ' 
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ilier  matter^  when,  even  in  TOfitliyKlat^  then, 
notwithstanding  ereiy  effort  of  aooommodAtiony  diatuit  virion  is  not 

acute^  and  we  need  not  now  hesitate  to  assist  it  with  glasses.  The  best 
result  attiunable,  under  such  circumstances,  consists  in  this :  that 
the  same  spectacles,  which  are  not  too  strong  for  distance,  should  be 
sufficient  for  ordinary  close  work.  AVith  the  usual  range  of  accom- 
modation this  result  ia  obtained  in  apito  of  the  disadvantages 
eonnected  with  the  nse  of  eoiiTes  l^asses  (ooxnpare  p.  145),  so  soon 
as  tiie  leladve  legion  of  aooommodation  has  snfficientlj  shifted,  and 
thevefoie  the  indieaibnhere  is,  hj  oauring  the  patient  alwaja  to  irear 
speotades  (at  fiist  weaker  ones)  to  promote  thia  dumge  of  place. 

With  respect  to  iSm  second  category  of  asthenopia,  I  have  bere 
but  little  to  say.  The  cases  contained  in  it  arc  characterised  by  the 
fact,  tliat  the  accommodation  itself  is  disturbed  or  morbidly  di- 
minished, and  tlic  proper  place  to  consider  them  is  therefore  where 
in  the  Second  Part  1  shall  have  to  speak  of  the  anomalies  of  aooom- 
modation. Heie  it  may  be  in  general  lemarked,  that,  when  in 
asthenopia  either  no,  or  comparatively  very  slight^  fi  exists^  and 
where,  moreoTer, 

the  presence  of  distnibed  or  moibidl/  diminished  acconunodataon. 
To  this  point  oar  investigation  mnst  then  he  directed.   If  general 

weakness  is  exclusively  the  cause,  recovery  from  the  asthenopia  is 
to  be  expected,  if  we  succeed  in  restoring  the  strength.  If  paresis 
of  accommodation  exists,  without  H,  the  asthenopia  of  course  gives 
way  when  the  paresis  is  removed.  In  eitlicr  case  convex  glasses  are 
meanwhile  usefuL  Where  painful  accommodation  exists  a  special 
treatment  is  reqniied. 

What  I  have  to  say  with  respect  to  the  treatment  of  H  in  genenl, 
apart  from  asthenopia,  is  induded  in  the  foregoing.  Aa  to  the 
slightest  degrees  of  H,  which  scarcely  prodnce  asthenopia,  they 
require  merely,  as  has  been  mentioned  while  on  the  subject  of 
pre^hyopia,  that  the  nse  of  spectacles  be  permitted  some 
years  earlier  than  usual.  The  most  extreme  degrees  are  in  their 
symptoms  characterised  by  the  fact,  that  very  near  the  eye,  the  same 
t^rpe  is  read  comparatively  better  than  at  a  distance.  The  expla- 
nation of  this  apparent  paradox  has  abeadj  been  given.  Since  at  a 
distanoe  also  vision  is  not  acnte,  the  sos^cion  of  a  complicatioa  of 
myopia  with  amblyopia  readilj  suggests  itself.  Moieover,  the 
aggregate  of  the  symptoms  of  aathenopia  does  not  appear  distinct : 
from  the  beginning  the  difficnlty  is  there,  and  results  of  ISatigae 
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do  not  so  readily  present  themselves.  And  yet  in  this  case 
relief  is  also  abo?e  all  to  be  sought  specially  in  the  use  of  convex 
glasses.  They  are  neoessary  not  only  for  the  easy  peiformance 
of  doee  work,  thej  are  desirable  also  for  teebg  at  a  distance. 
Here  we  need  not  be  afraid  of  obtaining,  by  thdr  means,  a  less 
derirable  displacement  of  the  rdatiTe  range  of  accommodation 
(compare  p.  125).  The  strength  of  the  reqnisite  glasses  is  deduced 
from  the  degree  of  Hm  and  fl.  For  ordinary  wear  the  glasses  must 
completely  neutralise  Hm.  In  reading  the  spectacles  fall  somewhat 
on  the  nose,  and  frequently  the  same  glasses  are  now  also 
sufficient  for  that  purpose ;  if  they  are  not,  we  give  some  a  little 
stronger,  so  that  jp^  comes  to  lie  within  the  desired  distance  of 
distinct  vision.  Accordingly  as  Hm  mcreases,  we  strengthen  the 
gilasses.  Where  complication  with  presbyopia  exists,  the  use 
of  two  pairs  of  spectacles,  one  to  wear  generallj,  the  other 
for  dosawork,  n  indispensable.  When  strong  gksses  are  necessary, 
the  preference  is  to  be  given,  among  other  reasons,  for  the  more  ad- 
vantageous position  of  the  principal  points,  to  periscopic  glasses, 
whose  concave  surface  must  be  turned  towards  the  eye. 

Are  we  in  H  to  hope  for  a  radical  cure  ?  The  answer  must  be 
in  the  native.  A  jtriari,  we  should  think,  that,  as  the  emmetropic 
eye  may  become  myopic,  and  as  myopia  may  be  progrcsaive,  H 
might  give  place  to  E  and  even  to  M.  In  fact  it  appears  possible 
that  H  of  the  as  yet  nndeveloped  ejre  mi|^t  disappear  during  the 
years  of  development.  Bat  if  the  development  have  once  taken 
place,  I  have  never  seen  H  give  way,  in  the  healthy  state  I  have 
never  seen  it  pass  into  E  or  M :  this  occnrs  only  where  there  is 
increasing  convexity  from  disease  of  the  cornea.  On  superficial 
examination  one  may  be  deceived  in  this  respect.  A  gentleman, 
aged  54,  had  been  obliged  to  use  convex  glasses  so  early  as  in  his 
S6th  year,  and  now  he  preferred  working  without  spectacles.  With 

S  =  1  he  had  M  =-^5  ^  ^  given  way  to  M  ? 

I  found  that  his  power  of  accommodation  was  completely  pandjsed, 
and  that  it  had  been  so  from  his  86th  year,  and  ophthalmoscopic  in- 
vestigation indicated  progressive  M.  It  therefore  readily  suggested 
itself  that  at  the  age  of  36  the  paralysis  of  accommodation, 

with  M  =  ^  or  ^  had  rendered  convex  glasses  necessary,  which 

through  the  progress  of  M  had  become  superfluous,  and  indeed 
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inapplicable.   Hence  it  is  evident  thattbe  eye,  when  of  hypermetropic 
structure,  has  no  tendency  to  M.    And  if  a  modification  in  this 
direction  does  not  sometinies  spontaneously  occur,  it  is  not  to  be 
expected  that  art  should  in  such  a  case  be  able  to  do  anything. 
How  could  we^  without  bhuging  the  eje  into  danger,  endeavoor 
with  any  foroe  to  make  the  cornea  more  convex  or  the  visual  axis 
longer  P   The  core  of  ordinaij  aitbenopia  by  division  of  the  muscles 
belongs  to  the  fables  of  the  period  of  operative  mama,  to  whidi  I  baye 
in  ibB  ooniae  of  mj  historical  remarks  more  than  onoe  alladed.  We 
nnderstand  that  tenotomy  of  the  mm.  recti  intemi  interferes  with  the 
convergence,  and  that  therefore  with  certain  degrees  of  the 
latter  in   binocular  vision   more  tension  of  accommodation  can 
be   associated.     This  tenotomy  acts   in   the  same   manner  as 
prismatic    glasses    ^vith    the    refracting    angles     turned  in- 
wards, from  which  asthe^opic  persons  in  fact  derive  some  advan- 
tage.   In  two  instances,  where  the  action  of  the  recti  eztemi 
was  evidently  ve^  weak,  von  Qraefe  has*  also  actually  pot  in 
practice  tenotomy  of  the  mtemi.   He  addsi  however,  coneotly,  that 
this  method,  contrasted  with  the  simple  choice  of  spectacles,  is  more 
interesting  than  practical.    And  in  truth  the  hypermetropia  cannot 
be  diminished  cither  by  this  or  by  any  other  operative  method,  and 
the  astheno})ia  will  not  be  permanently  removed.  I  may  add  that  when 
in  developed  strabismus  convergens  correcting  tenotomy  is  performed, 
the  use  of  the  convex  glasses  is  still  often  necessary,  to  prevent 
asthenopia  and  relapse  of  the  strabiBmns.   It  is  only  where  the 
asthenopia  depends  on  insufficienpy  of  mnsdes^  that  ^  opentive 
method  can  have  its  triumphs. 

Some  cases,  which  I  shall  now  in  conclusion  rdate,  will  afford 
me  the  opportunity  of  introducing  a  few  additional  practical  hints. 

H  does  not  always  cause  disturbance,  and  correction  Is  tiien 

unnecessary. 

1.  An  elegant  lady,  ni?ed  22,  is  under  treatment  for  slight  granulations. 
At  a  distance  her  vision  is  acute,  witli  negative  glasses  it  is  not  so  good, 

with  ^-^  and  indeed  with  it  it  as  aeate  as  without  glaiaei,  hut  un- 
pleasantly laige : '  *  men  are  like  giants.' '  There  was  oonsequently  Hm  =  ^ 

24f 

and  we  may  probably  infer  Ht  =        Nevertheless  she  had  experienoedno 
•  Archivf.  Ophlhalnwlogie,  B.  viii.  Abth.  2,  p.  321. 
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kind  of  inoonTenienoe.  But  read  "she  did  not  maoh/'  and  of  work  she 
**did  aotbiag.*'  Had  been  obliged  to  do  muoh  eloee  wcnlc,  m^Ssmoipkk 
would  not  have  been  absent  Indeed,  the  now  remembered  that  she  ooold 
not  see  the  finest  things  so  aoeorately  as  other  ladies  of  her  age,  and  that 
she  had  even,  in  gasing  at  distant  objeots,  sometimes  obserred  a  dimness. 
She  had  a  horror  of  apeotacles.  Perhaps,  being  well  able  to  comprehend  this, 
I  ought  not  to  have  pmdioted,  that  with  her  30(h  year  she  would  have  need 
of  them }  the  recommendation  to  call  in  advice,  whenever  she  should  not 
see  near  objects  well,  would  have  been  sufficient.  Indeed  for  the  moment 
there  was  no  indication  for  spectacles,  which  would  only  have  produced  on, 
as  yet,  undesirable  displacement  of  the  relative  range  of  accommudatiun. 
On  account  of  the  existing  H,  stricter  rest  had  to  be  enjoined,  so  long  as  the 
giranulatiuns  lasted,  than  is  otherwise  necessary. 

We  learn  to  distinguish,  at  first  sight,  an  oidinaij  case  of  astlienopia, 

the  result  of  H. 

II.  Miss  n.,  aged  19,  is  announced.  Slie  has  a  florid  look,  has  clear  eyes, 
without  a  trace  of  disease,  blue  iris,  mobile  pupil,  not  a  very  deep  globe, 
flat  margins  to  the  socket,  the  visual  ajLes  appear  to  diverge.  I  suspect 
asthenopia.   I  make  her  read  and  bring  ^e  book  to  O*:  reading  becomes 

difficult ;  at  5'  it  is  impossible.   There  is  either  H  or  diminished  My 

eye  &Us  on  those  aboot  her,  I  see  a  brother  with  oenToging  strabismns. 
TInM  was  deoisiTe  in  fayoar  of  H.  "  Ton  oannol  persevere  with  yonr  work. " 
She  answers:  '*No."  "  On  exertion  yon  get  a  feeling  of  tension  over. the 

eyes,  press  upon  the  part  with  the  hand,  rub  over  the  closed  eyes,  and 
then  it  passes  off*,  but  only  for  a  short  time  ?  "  Precisely,"  is  the  answer. 
Confidence  is  gained.  "  You  have  no  pain  in  the  eyes  ?"  At  a  distance 
you  see  well  ?  "   *'  Yes.*'   "  After  a  long  rest  yoa  can  oontinue  your  work 

bettor?"  ««Yes,yes.*'--With  shedistbgnishss weUatadistanoe,  and 
moving  the  glasses  at  the  first  moment  not  so  well ;  with  ^  not  so 

aentely  as  with  more  aoutely;  between  the  two  eyes  there 

is  littie  dilbvenee.  Ophthalmoeoopieally  all  is  well.  I  learn  fturther,  that 
far  some  years  the  inoonvenience  felt  in  working  has  been  always  increasing ; 
that  Ibrmerly  when  weakened  by  fever,  she  could  for  a  time  neither  read 
aor  sew;  that  she  onee  tried  a  pair  of  speotaolee,  but  was  strongly  eantioned 

against  wearing  them,  &o.,  Ac   She  goto  speotaolee  of  ^  to  work  with,  with 

a  recommendation  now  and  then  to  pause  for  a  little,  and  at  first  not  to  do 
much  in  the  evening.  At  the  end  of  a  week  she  has  forgotten  her  ailment. 
She  now  works  too  with  less  trouble  occasionally  for  a  short  time  without 
spectacles,  which  I  uchi^^e  her  to  do,  though  with  the  recommendation  to 
return  to  the  use  of  the  spectacles  on  the  least  traoe,  or  rather  beline  the 
occnrrenoe  of  fSatigue. 
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Asthenopics  have  sometimes  a  sad  past^  aud  live  in  a  ^oomj 

future. 

m.  The  Rev.  O.  D.,  tged  6%  kdki  dejMted.  **  Uj  good  Frafewovt*'  1m 
iftyt,*aMmeto7mi,for  I  £m1  thiit  I  am  gfttlBg  bUndt*  For  ^  ImI 
twenty  yean  he  has  thoaght  that  within  a  year  ha  ahould  be  blind ;  aadt 
nngnlarly  enough,  although  he  atill  sees,  he  oontiniMt  to  kok  upon  every 
year  as  the  last !  Such  is  the  man !  His  life  has  been  a  struggle  irith  his 
eyes.  Even  as  a  child  he  rend  with  difficulty.  When  a  student,  the  least 
exertion  fatigued  him,  and  he  was  compelled  to  learn  more  by  hearinj?  than 
by  his  own  study.  As  a  preacher,  he  has  been  obliged  to  write  his  sermons 
in  a  rather  large  hand,  and  still  to  get  them  off  by  heart.  And,  what  waa 
the  worst  part  of  it,  he  never  read  nor  worked  without  the  idea  that  he  was 
thus  hastening  his  blindnesa— interfering  with  the  concentration  of  hit 
mind  npon  any  definitoobjeot  The  lame  ibar  of  blindneai  had  foatratnod 
him  firam  a  matrimonial  alliaaee  with  whidh  ho  helioved  hia  happineaa  for 
life  to  bo  oonneoted.  Ho  trnated  in  art  Ho  had  fidth  in  a  peraon  he  oon- 
anlted  in  Oennaay ;  and  if  the  optioiaA  had  aomotinioagiYOiihimBpeetaolaa 
whieh  had  brought  him  relief,  these  were  meroileMly  tiicen  fmm  him  again 
bj  the  oculist  on  the  drat  eonsultation,  as  a  treacherous  instrument  which 
mnat,  in  the  end,  infliet  npon  him  the  total  lorn  of  hia  eight.  At  laatho  bad 

inh!sfertiethyear,gotoonTexglameeof     andhonowoBM  "Doyov 

see  with  these  spectacles  at  a  distance  f  "  waa  my  first  inqniiy.  Some- 
thing better,"  ho  nplied,  <*bnt  atill  vwy  imperliBetiy.'*  I  tried  ^:  "Mnoh 

better'*  waa  hia  veidiot anbaequentlj  I  gave  him  ^:  '«8tUl  better."  In 

1  17 

a  word,  there  was  H  =  ^  with  ^  »      ^        ^  ^ 

acoommodation,  he  needed  glasses  of       in  order  to  make  reading  at 

the  diatanoo  of  a  foot  easy.   He  got  ^  to  wear.   The  man  was  grateful 

as  a  child.  He  left  me  as  one  saved  from  destruction.— Suflh  viotama  of 
the  prejudice  against  the  use  of  oonvex  glaasea  are  not 


Where  II  exists,  paralysis  of  accommodation  may  give  xise  to 

disquieting  symptoms. 

IV.  £.  K.,  a  boy  of  ten  years,  ion  of  Dr.  K,,  remarks  in  the  morning  that 
heianotin  aoonditiontoread.  Hia  father  oeea  that  the  pupils  are  rather 
large  and  are  immovable.  Paralyaisofaoeommodationooonn  tohim;  butat 
adistance  also,  the  boy  cannot  properly  diatingniih  olgoeta:  "thsramnat  oonao- 
qnently  be  a  lurking  affection  of  the  optio  nerve  or  of  the  hndn.*'  He  briniBi 
hiaaontome.  leaUbliahthe^Mtof paialyaiaof thoiphinolflroltho^^ 
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in  both  eyes.  Neither  on  convergence,  nor  on  the  incidence  of  strong  light, 
doei  contraction  of  the  pupil  arise  :  accommodative  and  reflex  movements 
am  both  absent  The  inference  that  there  is  paralysis  of  acoommodation 
is  thusjostiAed.  Wlij  oaanot  the  boy  iee  «m  «l  a  diiUnoe  P  Aglauoe 
^with  th«  ophthalmoMope  eleart  all  up :  it  appean  I  mmt  aooommodata  aboat 

^inorder  to  see  in  the  uninverted  image  the  fundus  oouU;  and,  as  I  am  emme- 
tropic, our  boj  has  therefore  H  of  about  ^   With  ^  he  then  saw  admira- 

tiy  at  a  distance ;  with  ^  he  read  at  the  distance  of  a  foot.    All  fear  of 

an  affeotion  of  the  system  of  the  optic  nerve  was  gone.    In  speaking  of 

the  anomalies  of  accommodation,  I  shall  revert  to  such  cases.  Here  it  may 
suffice  to  observe  that  within  four  weeks  the  paralysis  had  given  way,  the 
H  had  again  gradually  become  for  the  most  part  latent,  and  that  in  what 
the  boy  had  to  do  or  to  read,  he  now  no  longer  complained  even  of  fatigue. 
In  a  few  years  asthenopia  may  be  expected,  and  the  use  of  the  convex  speo- 
taoles  while  working  will  then  be  indicated. 

» 

Pansis  of  aoixiiiimoclatioii  in  young  persons  is  scaicdj  distiugdahable 

from  asthenopia  through  H. 

V.  H.  J.,  a  boy  aged  14,  is  brought  to  me,  complaining  that  for  some 
time  he  has  been  unable  to  read.  He  looks  pale  and  weakly.  I  suspect 
asthenopia,  whether  in  consequence  of  a  slight  degree  of  H,  with  peculiarly 
debilitating  causes,  or  in  consequence  of  paresis  of  accommodation.  The 
pupils  move  well.  "  Do  you  feel  weak  ?"  Yes,  I  have  not  yet  recovered 
my  strength  after  an  attack  of  sore-throat."  The  articulation  of  words  is 
imperfect,  he  speaks  through  his  nose,  and  the  soft  explohive  oonaonants  (b,  d, 
and  ff)  are,  espeoialljr  at  tlia  and  of  tbe  winrdi,  pronomiMd  as  MRMpondisg 
nanls  (m,  n,  n</)  (paredi  ot  tbe  palate).  Tbeie  lymptoms  aia  obanu)- 
teristio  tbe  XMolt  of  angina  d^^htheritiea  (better,  dtphihtriiui), 
I  tbenfoia  inlbr  the  extilMiee  of  pareais»  notwithstanding  the  morable 
pnpilfl.  At  a  diatanee  B  ia  s  1,  and  neither  convex  nor  eoneave  glasses  are 
borne :  consequently  we  have  to  deal  with  E.  The  nearest  point  lies» 
instead  of  at  3',  at  9*,  and  can  be  maintained  there  only  lor  a  moment, 
as  by  spasmodic  tension.  The  statement  of  the  case  is  more  accurately  for- 
mulated as:  Reading  can  be  maintained  onh'  for  a  moment,  vision  at  a  dis- 
tance is  excellent.  From  ordinary  asthenopia,  in  consequence  of  H,  the 
condition  is  distinguished  by  its  rapid  appearance  {X.B.y  about  a  fortnight 
after  the  symptoms  of  angina  had  given  way),  by  the  easy  permanent 
vision  at  a  distance  (this  was  not  observed  by  the  patient,  but  was  found 
on  examination),  and  by  the  almost  immediate  occurrence  of  fatigue  and  of 
absolute  impossibility  of  seeing  near  objeots. 

Muscular  asthenopia  may  be  connected  with  H. 
Ti.  P.  C,  aged  20  years,  eomes  with  the  ordinaiy  oom^aint  of  asthe- 
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aofit,  wliioh  bas  aauitad  from  yoatfa.  Hm      it  Mtabliihad,  and  H  ^ 

giTen  to  read,  wherewith  p  comes  to  lie  at  6".  At  the  end  of  a  week  the 
patient  comes  again  ;  he  can  persevere  somewhat,  but  not  much,  longer. 

Paralyua  by  atropia  diadoaes  H  as  JL .   Glaasea  of  ^  are  permitted,  witb 

wbiob,  aftar  the  paralyoa  of  aooonimodatioii  baa  oeaaed,  amy  diataBt 
object  ia  in  a  miat,  and  the  patient  veada  by  prafannoa  at  only  8^ 
dirtanoe,  notwiflittanding  that  8  1 :  motaorer,  the  unpleasant  tcnsun  In 
the  eyea  and  in  tho  ibiahaad  hecomes  f^reatn  than  befiove.  Insiiffifflanay 
of  the  mnaolea  now  raggeata  itself.  The  moramenta  aia  free  in  every 
direction ;  the  eonTergenoe,  on  the  contrftry,  is,  on  the  approach  of  the 
object,  maintained  only  at  5',  and  behind  the  hand,  the  one  eye 
deviates  much  more  rapidly  outwards ;  on  the  contrary,  there  is  at  a 
distance  single  vision,  when  a  prism  of  10*  is  held  before  the  eye  with  the 
angle  outwards,  for  which  a  divergence  of  the  visual  lines  of  about 
6*^  is  required  (compare  p.  132.)    Evidently,  therefore,  the  mm.  recti 

intend  an  inanffioient.    Olaaeaa  of  j^*  placed  Teiy  doee  to  one  another, 

make  the  oonvergenoa  laqnired  fcmawbat  leca,  bnt  render  no  aiaiatan«ft. 

Permanent  help  is  dehved  only  from  spherioo-prismatio  glaaaea      with  a 

prism  of  5®).  In  this  case  we  should  hare  been  justified  in  cutting  through, 

in  one  of  the  eyes  at  least,  the  tendon  of  the  m.  rectus  extemus ;  the  con- 
veri^ence  would  have  become  easier,  and  yet  even  at  a  distance  there  would  not 
have  been  double  vision.  "  Shall  I  then  be  able  to  rt-ad  without  si)ectacles ?  " 
I  was  obliged  to  frive  a  negative  answer.  Indeed,  when  the  convergence 
became  easier,  less  tension  of  accommodation  could  be  associated  therewith, 
and  the  existing  H  would  therefore,  still  more  than  before,  give  rise  to 
asthenopia.  Therefbre,  too,  in  the  eombinatloD  with  a  priam,  the  oooTez 

glass  must  be  rather  strong  (^)*  My  answer  made  the  patient  shrink  from 

the  cperadoD.  The  almost  perfeetiy  latmt  existence  of  the  H  waa  con- 
neeted  with  the  insufficiency  of  the  mm.  intend ;  the  priam  alone,  withovt 
eombinatioa  with  a  apherioalglaaa,  made  a  greater  poitioa  manfftat 

Strong  H  in  a  child  baa  hitherto  been  almost  invariably  legarded 

as  M. 

VII.  A  girl,  aged  six  years,  is  said  to  have  very  weak  eyes.  If  she 
wishes  to  see  anything,  she  runs  to  a  bright  light,  and  holds  the 
object  directly  before  her  eyes.  Her  anxious  parents  had  taken  much 
advice  respecting  her  ;  the  child  was  generally  considered  to  be  near-sighted. 
The  fact  tiiat  she  eo  partieolaily  looka  for  bright  light,  in  older  to  aae  any- 
thing well,  Bakea  wm  doabt  tlie  eometaeea  ef  tins  opinion :  ia  thai  eue 
lablyopia  weald  neoeeeerily  be  coaabined  with  the  myopia. 
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From  the  external  appeeruioe,  J  had  aoaioely  a  doubt  of  tlie  exiatenoe  of 
H.  At  the  dlitanoe  of  the  ohOd  saw,  with  hoF  head  aslant  and  her  eye- 
lids nearly  dosed,  No.  Ill  of  Snellen ;  smaller  letters  she  did  not  see ; 

with  ^   on  the  contrary,  she  saw  i  i  at  S" :  so  the  proof  was  supplied.  S 

"wma  =2x  1.   Probably  astigmatism  exists,  to  be  more  fully  investigated  at  a 

somewhat  later  period,  when  the  patient  shall  be  able  to  give  a  more 

aMiirata  aeeount  of  herself.  Meanwhile,  she  may  provisionally  use  \  in 

learning,— if  she  chooses  she  may  also  wear  them  habitoally.  *<  This  she 
would  rather  not  do." 


Even  with  a  slight  degree  of  tensioii  of  acoommodatioii  may 
be  painful. 

▼m.  Mr.  X.,  a  lithographer,  aged  twenty-one^  has,  until  some  months 
ago,  been  able  without  trouble  to  perform  even  his  work.  Now  and  then,  it 
is  true,  he  got  a  pain  in  his  eyes,  but  that  hi-  attributed  to  excessive  exertion. 
Of  late,  however,  the  pains  are  so  frequent,  and  rapidly  l)ecome  so  violent, 
that  he  is  obliged  to  forego  his  work.  Above  the  eyes  lie  feels  at  most  a 
slight  pressure  ;  in  the  eyes  themselves  the  paiu  settles,  laul  is  at  il)e  sunie 
time  stinging  aud  oppressive.  Soon  after  leaving  off  work  the  paiu  always 
ceases,  and  if  he  refrains  from  extftion,  and  Ikom  fixing  his  sight  strongly, 
it  does  not  reinm.  Objectively  no  morbid  ohange  is  perceptible  in  the  eyes. 
The  moToments,  too,  are  normal)  di?ergenee  with  prisms  held  before  the 

eyes  is  impossible.    Examination  indicates  only  Hm  =       Alter  artiticial 

mjdriasis  we  obtain  Hm  =  ~ .   Glasses  of  JL  and  of  ~  are  of  no  use.  In- 

deed,  at  the  patient's  time  of  life,  and  wilh  his  range  of  aeoommodation 
=  1  :  4-3,  he  would  easily  have  overcome  the  existiuLT  H.  P'ormer  cases  had 
taught  me,  that  all  medication  in  this  instance  would  be  useless,  except  daily 
repeated  paralysis  by  utropia.    To  this  1  had  in  the  present  case  immediate 

reoonrse,  at  the  same  time  presoribing  glasses  of  ^  for  distant,  and  of  g  for 

near  objects.  The  pain  forthwith  oeased. — Thia  oase  belongs  properly  to  the 
anomalies  of  aeoommodation,  to  which  I  shall  revert  more  at  length.  I 
have  oommanieated  it  here,  because  I  have  observed  such  instances  of  pain- 
ful spasm,  on  every  tension  of  accommodation,  only  where  H  exists.  It  is 
true  they  are  rare:  altogether  I  have  seen  but  three. 

\Y e  must  beware  of  mistaking  appareut  for  true  abtlieuopia. 

IX.  Mrs.  N.,  aged  thirty-three  years,  a  nervous,  weak  little  person,  com  plains 
that  she  cannot  omtinneher  work.  She  soonbeeomes  tired  and  suffers  pain, 
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the  eje  begins  to  weep,  and  sbt  cannot  resnmo  her  occapation  daring  the 
•ntire  day.  In  tlie  evening  especially  she  is  obliged  strictly  to  avoid  all  ex- 
ertion; occasionally,  too,  some  photophobia  is  present.  I  make  her  read  :  she 
holds  the  book  at  about  10*,  and  says  she  can  still  distinguish  accurately 
when  I  bring  it  5'  nearer.    Already  I  suspect  that  no  H  exists.    At  a  di&- 

iMiM  8  appMnd  only  =  ^ ;  but  while  poiitiTe  glaiiM  diminuh  etill  taon 

the  aoateoeu  of  Tision,  b  beoomee  =  1,  with  the  use  of  —      tliere  is  oon- 

scj^uontly  M  =         Closer  investigation  of  her  case  shows,  that  it  differs 

in  many  respects  from  asthenopia  by  II.  She  has  pain  in  the  eyes  them- 
selves, which,  properly  speaking,  always  continues,  and  only  increases 
on  exertion  ;  the  characteristic  tension  above  the  eyebrows  is,  on  the  con- 
trary, absent ;  moreover,  to  the  last  moment  she  sees  acutely,  and  it  is  only 
the  pain  which  makes  her  give  up  work.  With  these  symptoms  there  is 
now  a  blight  irrilatiun  oi°  tiie  eyes  persistently  present  Ophthalmoscopic 
investigation  reveals  oapillary  hyperemia  of  lilt  aptie narva.  Hothing  more 
ia  to  1^  aaan.  Bnah  oaaea  aia  not  nnaommon;  thejr  oooor  moatly  with 
myopia,  bat  they  are  alio  mat  with  in  othar^aa.  It  la  a  not  wall  aiplalnad 
lionn  of  hypenBotheda,  in  aonnazkm  with  lymptoma  of  oongaation.  Bloe 
glaaiMi  reating  the  eyes,  stimulating  derivatives,  &c.,  are  only  too  often 
tried  in  vain.  To  refer  aoflh  oaiee  to  aathenopia  is  to  call  two  oonditions 
widely  diffisrant  both  in  oieenco  and  in  aymptoma,  by  tha  eama  name. 

Abaolate  H  of  the  higjiest  degree  simulating  M  with  amblyopia. 

(Case  kindly  communicated  by  Mr.  Bowman  to  the  author,  compare  p. 
258.) 

Mr.  T.,  twenty-five  years  of  age,  baa  TOiy  imall  globea  ai  fur  aa  oan  be 
judged  they  would  appear  of  thia  aiaa  on  a  horiiontal  eaetion  (Fig.  121  a). 

Fig.  120  repreaenta  about  tha  aiia  of  aomaa  and 
^  popiL  The  antaro-poatarior  diamatar  ia  too  ahflrt» 

0bnt  ao  alao  are  the  tranevena  and  vertiealy  ao  that 
the  ^e  does  not  look  too  ^at  on  a  lateral  view. 
The  anterior  chamber  is  shallow  (the  iris  near  the 
oomea) — the  pupil  haa  thia  range  under  varying 

Ught^.  A8tothepNaeneaofthaltna,thapaticBt 

was  unwilling  to  have  the  pupil  expanded  by  atro- 
pia;  but  I  perfaeUy  latiifled  myielf  by  tha  eatoptrie 
test  that  the  lenses  are  present — tha  xaflexuni  frooi 
tha  front  being  very  distiaot  The  convex  form  of  the 
iris  and  the  prominence  of  the  pupil  are  also  evidently 
due  to  the  iris  being  thrown  forwards  by  the  lens. 
When  I  first  saw  Mr.  T.,  in  1806,  he  was  at  College, 
and  had  distinguished  himself  bj  scholarship,  but  his  sight  had  beeome 
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mvoli  ibtigofld,  and  he  aoeofdingly  eoninlted  me.  He  wai  using  for  the 
right  eye  a  convex  glass  of  ^  for  distant  rision,  and  when  he  held  this 

glass  at  2  or  3  inches  in  front  of  the  eye,  he  ooold  read  a  book  held  two 
feet  off.  Without  a  glass  he  could  read  the  amaUeat  print  (diamond  as 
Jaeger  No.  1)  at  about  ]  of  an  inch  from  the  eye. 

He  had  up  to  this  time  always  used  the  right  eye,  and  attempts  were  made 
to  bring  the  left  eye  into  use,  but  without  sucoeM  as  regards  oomfort,  though 
the  vision  of  that  eye  improved  under  them. 

In  the  summer  of  1857  he  had  come  to  use  the  right  eye  in  reading,  with- 
out a  glan,  and  holding  the  print  very  close.  He  could  thus  read  with 
tokrable  eomlbrt. 

In  May,  1M2,  he  had  been  mm»  time  in  the  habit  of  employing  strong 
convex  glasses,  viz.,     for  distant  vision,  being  then  able  to  see  Ja^er,  No. 

18,  at  eight  feet;  and  i  for  reading,  bt;ing  theu  able  to  see  Jaeger,  ICo.  2, 
at  4%  with  comfort,  nnleto  in  a  itrong  light. 


§24.  Strabismus  convksobns,  tss  Ebsult  of  H. 

StrabismuB  is  a  deviation  in  the  direction  of  the  eyes^  in  conse- 
quence of  which  the  two  yellow  spots  receive  images  from  different 
objects.  In  strabismus  tbe  visual  llhes  do  not  cross  one  another  in 
the  pomt  it  is  desired  to  observe ;  only  one  of  the  two,  that  of  the 

undeviating  eye,  is  directed  to  that  point.  Under  this  deviation  not 
only  does  the  expression  of  the  face  suffer  from  the  want  of  sym- 
metry in  its  most  eloquent  parts,  but  the  power  of  vision,  at  least  in 
one  of  the  eyes^  is  usually  disturbed^  and  the  squinter  always  loses 
the  advantage  of  binocular  vision. 

Strabismus  is  not  an  independent  morbid  condition ;  as  is  com- 
prised in  the  definition  given,  it  is  only  a  symptom.  We  may  add, 
that  it  is  a  ^mptom,  dependent  on  very  diffierent  conditions,  and  as 
sQch  connected  with  other  very  different  phenomena.  He  who  pro- 
poses to  write  a  manual,  and  in  it  to  treat  systematically  of  all 
defects  of  the  eye,  will  more  than  once  meet  with  strabismus,  as  a 
more  or  less  constant  result  of  dt  linite  conditions.  It  will  repeatedly 
occur  as  a  constituent  of  a  compound  anomaly,  in  which  it  is  con- 
nected with  the  cause  on  which  it  depended,  and  with  all  the  results 
of  that  cause.   But  there  will  be  no  room  for  it  as  an  independent 
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form  of  disease.  It  is  only  ia  a  book  on  semeiotics  that  we  liave  to 
treat  of  strabismus  in  genoal. 

If  this  view  has  been  long  received,  writen  have  not  been  faithful 
to  it.  To  ascertain  this,  it  ia  aofficient  to  consult  the  manuals.  A 
special  chapter  is  devoted  to  strabismus.  In  this  everything  which 
has  reference  to  this  deviation  is  treated  of ;  elsewhere  strabismus  is 
only  incidentally  mentioned .  £ ven  in  the  investigation  of  its  causes,  all 
forms,  diffiTcnt  as  tlicv  niav  luihlainentallv  be,  are  treated  of  alike.  In 
the  moMoirraphs  tlie  casr  is  sometimes  no  better.  Is  it,  then,  strange 
that  (lie  j)atliOLreny  of  strabismus  is  still  so  very  obscure?  It  is  an 
attribute  of  humau  nature  to  suppose  for  each  phenomenon  whieh 
occurs  an  external  cause,  and  readily  to  assume  as  such  the  first  which 
presents  itself.  Prom  this  rashness  and  cndulity  pathology  has  not 
entirely  freed  itself.  With  respect  to  strabismus,  the  cause  is,  on 
the  authority  of  mothers  and  nurses,  often  sought  in  all  lands 
of  accidental  circumstances,  and  thus  the  source  of  the  abnor- 
mity, which  originally  consisted  in  tbe  form  of  the  eye^  is  over- 
looked. 

Wc  now  know  that  by  far  the  irreater  number  of  cases  of  strabis- 
mus are  eonnected  with  anomalies  of  refraction. 

According  to  the  direction  of  the  deviation,  two  forms  of  oblique 
vision  are  specially  to  be  distinguished :  strabismus  convergens  and 
strabismus  divergens.  The  main  result  of  our  investigation  may  be 
expressed  in  these  two  propositions . — 

1.  StrabimuB  convergens  almoet  always  depends  vjpon  J^jt^" 
meirapia, 

2.  Strahismus  divergens  is  usually  the  result  of  myopia, 
Wc  have  here  to  treat  only  of  strabismus  conversjens. 

Exp(  riniee,  in  the  first  place,  shows,  that  strabismus  eonvergens 
is,  in  the  great  majority  of  cases,  combined  Mith  11.  In  172  cases 
investigated  by  us,  K  was  133  times  proved  to  exist  in  the  undevi- 
ated  eye.  In  nine  cases  myopia  existed,  five  times  to  such  a  great 
d^ree  that  the  form  of  the  distended,  but  little  movable,  eyeball, 
admitted  of  no  other  condition ;  in  thirteen  cases  difference  of  refrac- 
tion of  the  two  eyes  was  recorded ;  five  times  inflammation  was  the 
cause;  at  least  five  limes  paralysis  had  gone  before;  three  times 
there  was  complication  with  congenital  cataract,  twice  with 
nystagmus. — It  is  evident  bow  greatly  II  preponderates:  it  occurs 
in  about  77  i)er  cent,  of  the  cases.  And  yet  I  am  convinced,  that 
if  wc  could  iuvcstigutc  without  distinction  all  cases  of  strabismus  con- 
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▼ergens  wMoh  oocur  in  a  given  population,  H  would  be  met  with 
relativelj  stiU  more  frequently.  In  the  first  place,  ordinary  cases 
of  strabismns  convergens  are  seldom  brought  to  the  oculist,  and 

these  arc  precisely  the  cases  in  which  H  is  the  only  cause :  if  in- 
flammation, paralysis,  or  any  special  complications  l)e  present,  the 
patients  tlo  not  delay  to  call  in  lu-lp  ;  and  thus,  in  proportion  to  the 
whole,  a  greater  number  of  these  exeeptional  cases  comes  to  be 
seen.  Moreover,  cases  are  included,  which  it  is  not  usual  to 
refer  to  the  head  of  strabismus  convergens^  as  tolerably  recent 
instances  of  paralysis  of  the  abducent  muscle;  too  strongly  oon- 
▼ergenty  nearly  immovable  myopic  eyes,  &c.  And,  finally,  some 
ordinary  certainly  rather  than  extraordinary  cases,  whose  pathogeny 
was  not  wholly  cleared  up,  have  been  neglected. — therefore  do 
not  hesitate  to  declare,  that  it  is  exceptional,  to  find  strabismus 
convergens  without  hy})ermetropia. 

In  general,  it  is  not  the  highest  degrees  of  H  with  which  stra- 
bismus is  combined.  Often  even,  at  least  in  young  persons,  the 
hypcrmetropia  is  completely  latent :  it  was  involuntarily  neutralised 
by  tension  of  the  power  of  accommodation,  and  appeared  first  on 
artificial  paralysis  of  the  accommodation.   Where  it  was  manifest,  it 

amounted  to  from  ^  ^  j^*  rarely  to  i  or  more.  The  total  hy- 
pcrmetropia was,  so  soon  as  it  was  manifest,  usually  not  examined, 

but  of  course  attained,  especially  in  young  subjects,  a  coTisiderably 

higher  degre&   With  ^  manifest  H  more  than  ^  total  R  may  in 

general  be  assumed ;  for  where,  with  complete  want  of  manifest,  the 
total  was  defined  nnder  the  influence  of  paralysis  of  accommodation, 

the  latter  was  seldom  under  J?* 

15 

Since  in  strabismus  convergens  H  in  general  exists,  no  other  con- 
nexion is  conceivable  than  that  H  is  the  cause  of  the  deviation. 

H  is,  indeed,  the  primary  anomaly,  to  be  sought  in  the  structure  of 
the  eye,  and  originally  proper  to  the  organ  ;  strabismus  is  the 
secondtiry  condition,  which  does  not  arise  until  some  years  after 
birth.  In  the  first  period,  in  the  cunimeucement  of  the  so-ealled 
periodical  obhque  vision,  it  can  be  proved  that  H  already  exists : 
unquestionably,  therefore,  it  precedcflT  the  squinting.  And  if  we 
add^  that  the  incipient  strabismus  again  gives  way,  when  the  hypcr- 
metropia is  neutnUsed  by  a  convex  glan,  we  readily  infer  tb^^ 
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inaj  produce  strabismus.   The  only  quataoo,  tfaaccfore,  ii^  bow  it 
am  do  thisy  and  the  aiuver  is  evident. 

Hie  hjrpermetroinc  mdmdnal  mnst^  in  ofder  to  see  dislincttj, 
aooommodate  eomparativelj  stronglj.  This  holds  good  for 
■11  distances.  £yen  in  looking  at  remote  ob|ect8  he  nnut 
endeavour  to  overcome  his  hyj>ermetropia  by  tension  of  accommo- 
dation, and  in  proportion  as  the  object  draws  near,  he  murt  still 
add  80  much  accommodation,  as  the  normal  emmetropic  eye  should 
need  on  the  whole.  The  vision  of  near  objects  therefore  especiallj 
requires  extiaordinaiy  tension.  Now,  as  we  have  seen  (compare 
p.  110),  thflte  exists  a  certain  oonneiion  between  nccowmndatiwi 
and  oonveigenoe  of  the  Wsnsl  lines :  the  moxe  stiongl j  we  coofcig^ 
the  more  poweifnlljcan  we  hong  onr  fiicnhy  ol  aooommodatiQn  nto 
action.  A  certain  tendency  to  increased  oonveigencey  so  soon  ast 
person  wishes  to  pnt  his  power  of  accommodation  npon  the  strctd^ 
is  therefore  unavoidable.  This  tendency  exists  in  every  hypermetropic 
person.  An  emmetropic  })erson  may  also  convince  hims^elf  of  this 
hj  holding  negative  glasses  before  his  eyes,  and  thus  bringing  tiie 
latter  temporarily  into  a  condition  of  hypermetiopia.  He  will  dis-  ; 
tinctij  remark,  that  on  the  endeavonr  to  see  accuratelj,  dooUe  | 
images  every  time  threaten  to  appear  as  the  result  of  increased  con- 
▼ergence,  and  that  he  soon  has  a  choice  onlj  between  indistiDCi  ' 
vision  and  squint.  Prohabl  j  this  conflict  exists  nnoonscionsly  in  tiie  j 
case  of  sU  hypermetropic  persons.  I 

Hypermetropia  is  a  very  widely  spread  anomaly.    I  am  convinced  i 
that  it  occurs  still  more  frequently  than  myopia.    Now,  if  strabismus  i 
convergens  is  in  general  the  result  of  hypermetropia,  the  latt«  i 
evidently  is  very  often  met  with  without  strabismus;  we  may  even 
say,  that  only  in  a  comparatively  small  number  of  cases  of  hyper-  1 
metropia  is  strabismus  developed.    This,  however,  need  not  by  anv  i 
means  suiprise  us.    In  general,  in  fact,  the  necessity  of  seeing  an  j 
object  iin^l^  with  both  eyes  together,  is  deeply  felt.    The  diiei^ 
of  the  visual  linea  ib  thereby  forcibly  determined.   Of  Qom  I  con* 
▼inced  myself,  many  yesrs  ago,  in  my  eiperiments  on  the  action  of 
prismatic  glasses.*   If  we  bring  a  weakly  prismatic  glass,  with  tbe 
refracting  edge  tamed  inwards,  before  one  of  the  eyes,  the  fixed 
object  ii  directly  seen  double^  bnt  increased  convergence  is  imme- 
diately inTolnntarily  produced,  which  makes  the  double  images  i 
•  JMerlandic^e  Lane$t,  2*  8er.,  D.  iii.  p.  233.  I845. 
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ooalesce ;  and  ii',  some  moments  later,  we  again  remove  the  glass, 
double  images  for  an  instant  reappear,  which,  however,  equally 
rapidlj  disappear,  in  consequeDoe  of  lesseaing  the  conveigeoce.  Now, 
is  as  if  tiie  doable  images,  of  thdr  own  accord,  again  coalesce: 
tlie  movement  made  takes  place  so  spontaneonsly,  that  the  pefsoo  is 
not  even  oonscioos  of  it.  This  abhonenoe  of  doable  images,  or  nther 
tlieinstinctiye  adheranoe  to  binocnlar  vision,  preserves  most  hjpenne- 
txo^c  individuals  from  strabtsmns.    They  sacrifice  the  advantage 
of  seeing  accurately,  rather  than  to  allow  that  on  the  two  yellow 
spots  different  objects  should  form  their  images.    In  this,  therefore, 
we  find  the  reason,  why  not  nearly  all  hypermetropics  squint. 
If  one  eye  be  covered  with  the  hand,  while  it,  as  well  as  the 
other,  is  open,  the  visual  line  will,  in  moat  hypermetropics,  rapidly 
deviate  inwards.   The  same  thing  takes  place  when  an  emmetropic 
person  holds  a  negative  i^ass  before  the  uncovered  eye. 

The  question  which  now  suggests  itsdf  is :  What  ebeumstances 
must  cooperate  to  give  rise  to  strabismus  in  hypermetropic  indi- 
viduals? 

These  circumstances  are  of  a  twofold  nature :  a,  those  which  di- 
minish the  value  of  the  binocular  vision ;  6,  those  which  render  the 
convert'cnce  easier. 

To  the  first  class  belong ; 

l"".  Congenital  difference  tn  the  accura^  vinon,  or  m  iAe  re- 
Jraetive  condition  of  the  two  eyes. — In  hypermetropia  the  accuracy  of 
vision  is  often  imperfect,  whether  in  one  or  in  both  eyes.  This  is 
in  part  attributable  to  astigmatism,  ui  part  to  a  still  unknown  im» 
perfection  of  tlie  retina.  If  the  diminished  socunu^  of  vision  alfeets 
only  one  eye,  then,  on  too  great  convergence,  the  image  of  this  eye 
will  not  so  much  disturb  vision.  The  same  is  the  case  when  the  degree 
of  II  in  the  deviating  eye  is  greater,  and  the  image  in  this  eye  is 
therefore  less  accurate.  In  either  case,  consequently,  strabismus 
will  more  easily  arise.  But  the  tendency  doubly  increases  when  both 
circumstances,  a  higher  degree  of  H  and  diminished  aocaracy  of 
vision,  as  is  often  the  case,  occur  combined  in  the  same  eye.  If  the 
eye  has  long  been  deviated,  there  arises  a  secondaiy  diminution  of 
the  accuracy  of  virion,  as  a  result  of  strabismus,  to  which  I  shall 
subsequently  revert.  In  that  case,  however,  we  can,  with  the  aid 
of  the  ophthalmoscope,  often  demonstrate  a  stOl  higher  degree  of  H 
of  this  eye. 
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2,^.  Spots  on  the  comea. — It  is  often  remarked,  that  in  oblique 
vision  the  deviated  eye,  or,  indeed,  both  eyes,  exhibit  opacity,  or 
8pot5  on  the  oomea.  Pagenatecher  and  Saemisch  have  reoendj 
called  attention  to  the  frequent  occoirence  of  corneal  spots  in  stra- 
biamna.  It  doea  not  appear  to  me,  however,  that  apota  on  the 
cornea  ahonld,  in  themselves,  be  capable  of  exciting  strabismus. 
Ahliouj^h  the  image  of  the;  second  eye  is  less  perfect,  expeiit^iice 
shows  that  even  then  the  preference  is  aivcn  to  binocular  vision  ; 
nor  is  it  cxplieabh'  that  one  of  the  eyes  ^jliould  be  iucliiiet]  to  ile- 
viate,  merely  for  the  purpose  of  making  a  quite  different,  rather  than, 
it  is  true,  an  unequal,  but  still  corresponding,  image  fall  upon  the 
yellow  spot  Enete^  has,  upon  good  grounds,  in  this  way  decided 
the  contest  between  Beer  and  Joh.  Mneller.  But  it  is  qoite  a  dif- 
ferent question  whether,  where  hypermetropia  exists,  specks  on  the 
cornea  and  other  obscurities  might  not  increase  the  tendency  to 
strabismus  :  whether  the  less  accurate  imaj?e  in  the  visual  axis  iniirhl 
not  make  the  image  less  disturbing,  and  (liniinish  the  abhorrence  of 
an  accessorv  second  iinaf^e.  I  am  verv  nuich  inclined  to  fi^ssume  this. 
At  least,  I  lind  specks  on  the  cornea  much  more  common  in  hyper* 
metroj)ia  with  strabismus,  than  in  hypermetropia  without  strabis- 
mus, it  is  true,  there  may  be  still  another  connexion  between  specks 
on  the  cornea  and  strabismus,  to  which  Euetef  has  already  directed 
attention :  an  inflammation,  namely,  which  produces  these  specks  <m 
the  cornea,  may  extend  beneath  the  conjunctiva  to  some  of  the 
muscles  or  their  envelopes,  and  produce,  first,  a  spasmodic,  and 
afterwards  a  nutritive,  contraction.  Such  eases  1  have  alrt^ndy 
above  mentioned.  They  are,  however,  comparatively  rare  ;  but  they 
may  in  part  explain  the  preponderance  of  specks  on  the  cornea 
in  hypermetropia  with  strabismus. 

In  the  second  place,  as  I  have  imarked,  the  origin  of  strabismus 
is  promoted  by  circumstances  which  render  conveigence  easier.  Under 
this  head  are  to  be  noted : 

1°.  Peculiar  Hructure  orhtnermtim  qfthe  muteiea  ;  easy  mobillfy 
of  Ike  cij  eh  alls  inwards. — Not  unfrequently  a  congenital  insufficiency 
of  the  museuli  recti  interni  oecurs.  It  may  readily  be  assumed  that 
the  opposite  also  may  be  the  case ;  and,  in  fact,  some  eyes  converge 
without  any  particular  tension  up  to      nay,  even  up  to  2',  and 

*  Lehrh,  der  OpMhahnologie  /.  Atmtt  und  SMirende.  B.  it.  p.  520. 
BrmunMhweig,  1864.  t      p.  687. 
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less^  from  the  eje.  We  may  assome  that  fonn  and  pontioii  of  tlie 
ere-baU  exercise  as  mach  ioflaenoe  in  tbis  respect  as  the  structure 
or  innervation  of  the  ronscles. 

Now,  while  in  iiisufficii'iicv  of  movement  inwards  we  have  a 
guarantee  again;>t  t^trabi^mus  converireMs,  free  motion  in  this  direetion 
will  increase  the  tendency  to  this  form  of  oblique  vision.  By  many 
the  latter  can,  in  a  high  degree,  be  easily  produced  at  will — by 
others,  not  at  all,  or  only  with  great  difficulty  ;  and  when  it  is  stated 
that  such  voluntary  squinting,  often  produced  for  the  sake  of  imi- 
tation, or  of  mockery,  has,  with  some,  given  rise  to  permanent  stra- 
bismus, I  readily  admit  it,  but  on  condition  that  hypermetropia  at  the 
same  time  existed.  Moreover,  I  have  not  been  able  to  satisfy  my- 
self  that  a  special  tendency  to  strabij^mus  may  be  hereditary.  Let 
nie  be  understood.  In  a  very  liigh  degree  hypernietropia  is  here- 
ditary. It  is  a  rare  thing,  with  hypermetropic  structure  of  the  eyes  in 
one  of  the  parents,  not  to  find  hypermetropia  also  in  some  of  the  chil- 
dren. But  whether  this  hypermetropia  in  the  parents  was  combined 
with  strabismus  or  not,  has,  if  any,  certainly  only  slight  influenee  in 
the  development  of  strabismus  in  the  hypermetropic  children  bom  of 
them.  If  in  a  family  one  or  two  labour  under  strabismusoonvergens, 
we  may  be  nearly  safe  that  in  some  other  members  hypermetropia 
will  occur;  but  that  in  the  same  fanuly  most  of  the  hypermetropics 
should  be  affected  with  strabismus,  has  vitv  rarelv  occurred  to  me. 

2°.  Relation  hdinecn  the  nmud  line  and  the  ax  'u  if  the  cornea. — 
Wc  have  above  seen  (p.  18;^)  that  in  general  in  hypermetropic  indivi- 
duals, in  order  to  give  a  parallel  direction  to  the  visual  lines,  a  more 
than  ordinary  divergence  of  the  visual  axes  is  required.  Thence  we 
have  in  so  many  hypermetropic  persons  apparent  strabismus  di- 
vergens.  On  the  other  hand,  we  know  that  most  ^es  can  with 
difficulty  be  brought  to  a  state  of  divergence:  a  weak  prism, 
with  the  refracting  edge  held  outwards  before  the  eye,  ])roduces 
double  imaijes,  which  most  people  are  not  able,  by  divergence 
of  the  visual  lines,  to  overcome.  Even  for  the  sake  of  single 
vision,  many  do  n(^t  succeed  in  diverging  some  degrees  more.  It 
is  therefore  natural  to  assume,  that  when  for  single  vision  more 
than  ordinary  divergence  of  the  corneal  or  visual  axes  is  required, 
the  divergence  may  veiy  easily  be  insufficient,  and  that,  accordingly, 
as  a  matter  of  course,  for  seeing  at  a  shorter  distance  also,  there 
way  readily  be  too  great  convergence.    What  was  treated  of  under  1° 
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facilitiites  convergence  in  an  absolute  manner.  Comparatively,  the 
relation  between  the  visual  line  and  the  axis  of  the  cornea  has,  in 
hjpennetropicSy  the  same  result.  Now,  if,  in  looking  at  a  distance, 
the  leqaimte  divergence  of  the  axes  of  the  cornea  easily  falls  short,  the 
convergenoe  will  likewise  under  the  influence  of  the  hypermetropia, 
in  looking  at  near  ohje<^  be  rdatiTelj  too  great  l%e  condition 
for  the  development  of  atotbismns  is  thns  given.  In  hd,  it  often 
seemed  to  me  that  in  sqninters,  after  tenotomy,  a  considerable  d^ree 
of  divergence  of  the  axes  of  the  cornea  was  required  to  make  the 
visual  lines  assume  a  parallel  position ; — often  the  eyes  are  appa- 
rently quite  properly  directed,  and  yet  when,  on  fixing  a  remote 
point,  one  and  the  other  eye  are  alternately  covered  with  the 
hand,  we  observe  that  the  eye  just  opened  has  each  time  to  make  an 
extensive  movement  ontwaids,  to  fix  the  remote  point.  Some- 
times this  is  to  so  great  a  degree  the  case,  that  for  binocular 
vision,  at  a  distance,  a  deformity  by  divergence  wonld  be  re- 
qnired.  This  leads  me  to  snspect  that  while  in  general  the  great 
angle  a  [ffomotes  the  oocnrrence  of  strabismns  convergena  with 
H,  an  extraordinary  magnitude  of  this  angle  predisposes  more 
particularly  to  this  form  of  strabismus.  In  order  to  test  this 
suspicion,  the  angle  a  was  measured  in  ten  cases  of  strabismus 
convergens.  The  measurements  were  in  great  part  made  by  Mr. 
Hamer,  now  house-surgeon  in  our  Ophthalmic  Hospital,  according 
to  the  method  already  described,  with  his  usual  accmiMy.  The 
results  are  praaented  in  the  aubjoined  Table  I. 
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not  to  be  determined. 
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diMppear^  -  the  left  tjm 
in  lU  tmiL. 


Tbis  Table  igain  sbovs  wlMt  has  alradj  been  aeen^  that  the  angie 

a  for  ly.th  rvr-s  of  the  same  person  is  in  genecal  iiearij  similar. 
Thcvefoie  for  No.  4  Od.  and  Nob  9  Od.,  which  on  aooonnt  of  dimi- 
nished 8  did  not  fix,  a  wub,  on  cakokkion  of  the  aTeiagi^  aaromed 
=s  «  of  the  left  cje.   Aa  an  aTerage  we  now  olitained  a  »  7^.65. 

This  but  slifrhtlj  exceeds  a  =  VS,  previous!  ?  found  as  tbe  avenge 
in  non-squinting  livpcrmetropics ;  but  in  onler  to  make  the  influence 
on  the  f)05ition  of  the  centre  of  motion  appear  strongly,  particularly 
high  degrees  of  H  were  designedly  selected,  in  consequence  of  which 
a  also  inoeaaes.  In  order  to  have  a  better  groond  of  comparison, 
the  angle  a  was  therefore  determined  also  in  some  eaaea  of  in 
degree  ahont  eqnal  to  H  of  aqointen.  The  resnlta  are  compriaed  in 
the  annexed  Table  11. 
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Nov^  in  the  first  place,  we  find  among  these  non-squinting  hyper- 
metropics a  on  an  average  =  6^56,  that  is,  1^07  less  than  in  sqoin- 
ters.  In  the  second  ])lace,  it  appears  further,  that  the  degree  of  H 
has  au  inHucncc  upon  a.  Comparison  with  the  average  a  =  7°.S, 
found  in  higher  degrees  of  H,  at  once  indicates  tliis.  But  still  more 
distinctly  does  it  appear  in  Table  II.,  in  wliich  the  persons  are 
arranged  according  to  the  magnitude  of  a,  and  the  suspected  degree 
of  the  total  H,  at  14  years  of  age,  was  calcolated  under  H  ?  It 
Immediately  strikes  the  eye,  that  the  hitter  keeps  about  equal  pace 
with  a.  In  estimating  H  ?,  the  ascertained  Hm,  and  sometimes  also 
H,  were  made  use  of,  the  time  of  life  being  borne  in  mind  ;  the 
estimate  certainly  deviates  little  from  the  truth.  The  result, 
therefore  is,  that,  with  equal  degrees  of  H,  high  values  of  a 
especially  predispose  to  strabismus  convcrgcns.  To  this  result 
I  attach  the  more  importance,  because  it  in  general  proves,  that  the 
greater  angle  a,  proper  to  U,  is  not  indifferent  in  its  beazing  on  the 
connexion  between  H  and  strabismus  convergens. 

In  the  highest  degrees  of  H,  strabismus  is  rardy  observed.  This 
need  not  surprise  us.  In  such  cases  the  power  of  accommodation 
is,  even  under  abnormally  increased  convergence,  not  sufficient  to 
])roduce  accurate  images,  and  such  hypermetropics  are  thus  led  rather 
to  the  practice  of  forming  correct  ideas  from  imperfect  retinal  images 
than  of,  by  a  maximum  of  tension,  iniprDving  the  retinal  images  as 
much  as  possible.  We  have  nlrcady  seen,  that  strabismus  is  met 
with  chiefly  in  mean  degrees  of  ii.  Tiiese  belong  to  facultative  and 
relative  hypermetropia :  the  eye  can  adapt  itself  for  parallel  and  even 
for  diverging  rays,  and  can  moreover  maintain  this  accommodation 
for  some  time,  yet  often  only  with  convergence  of  the  visual  lines  to 
a  point,  situated  closer  to  the  eye  than  the  point  whence  the  rays  pro- 
ceed. Tlie  minimum  of  H,  at  which  strabismus  occurs,  depends 
undoubtedly  on  the  an^le  a.  and  on  the  ranc^e  of  accommodation : 
the  less  the  latter,  and  the  greater  a  is,  the  less  degree  of  11  will  be 
sufficient.  But  diminished  energy  or  paresis  of  accommodation  by 
itself  is  as  little  liable  to  produce  strabismus,  as  is  the  diminution  of 
the  range  of  accommodation  connected  with  the  increase  of  years. 

As  to  external  eauie$,  we  often  find  mention  made  of  the  fixing  of 
near,  and  particuhffly  of  laterally  placed  objects,  as  a  feather  of  the  cap, 
the  flame  of  a  candle,  a  toy  or  such  like.  From  whathasbeen  said,  it  w^ 
have  been  seen  that  I  attach  but  little  influence  to  these  tilings.  At 
least,  I  am  convinced  that  the  emmetropic  eye  w  ill  not  in  tliis  way 
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be  led  to  squint.  But  1  would  not  ventaie  so  UTironditioiiallj  to 
assert,  that,  for  ihv  livpermetropic  eye,  no  cause  of  strabismus  might 
be  found  therein.  Partionlarljr  the  fixing  of  latenllj  pUused  objects^ 
might  have  influence  in  this  way.  For  under  these  ciicnmstanoes 
the  fixed  point  can  be  seen  only  by  one  eye,  since  the  field  of  vision 
of  the  other  is  limited  by  the  nose ;  and  if  only  the  one  eye  sees 
the  object,  the  second  eye  wants  the  guide  which  directs  its  move- 
aiL'iits,  and  there  is  nothing  to  prevent  too  strong  convergence,  for 
the  sake  of  distinct  vision.  It  seems  to  me  that  there  is  no  ground 
for  dcnvintr,  that  in  this  manner  the  internal  rausck^s  of  the  eve 
might  acquire  a  preponderance^  which  would  promote  the  further 
development  of  strabismus. 

I  have  above  remarked^  that  oblique  vision  differs  in  kind  and 
form,  according  to  its  causes  and  to  the  nature  of  the  aifection^ 
of  which  it  is  the  result,  and  with  which  it  occurs  in  one  and  the 

same  morbid  type.  This  is  (piite  true  of  obHque  vision,  proceeding 
from  hypermetropia.  But  as  this  is  tlie  most  usual,  the  typical 
form  of  strabismus  convergens,  it  is  very  natural  that  what  is  de- 
scribed as  strabismus  in  general,  should  be  applicable  precisely  to 
this  form.  I  may  be  permitted  to  give  a  short  sketch  of  it.  In 
doing  so  I  must  advert  to  some  well-known  mattenty  but  I  shall 
thus  best  find  opportunity  to  add  what  is  still  deficient  respecting 
the  nature,  the  symptoms,  and  the  pathogeny  of  the  aflfoction. 

Converging  stralnsmus,  in  consequence  of  to  arise 

mostly  about  the  5th  year,  probably  because  the  effort  to  see  accu- 
rately then  begins  to  be  developed ;  the  range  of  accommodation  is 
now  also  sufficiently  great,  by  means  of  somewhat  increased  con- 
vergence, easily  to  overcome  the  H.  To  reports  of  its  occurrence 
at,  or  shortly  after  birth,  in  consequence  of  convulsions  or  of  other 
diseases,  no  credit  is  in  general  to  be  given.  Exceptionally  it 
commences  after  the  7th,  extremely  rarely  so  late  as  the  18th  year, 
unless  special  accessory  causes  exist.  At  first  the  deviation  is 
tran8ient»  connected  with  fixing,  that  is  with  an  effort  to  see  ac- 
curately, sometimes  oidy  with  the  fixing  of  near  objects :  it  passes  off 
again  when  ilie  lixiiiu  (  eases  or  the  eyes  are  closed.  This  is  the  so- 
called  periodical  squint,  by  some  described  as  a  distinct  period.  Even 
in  this  period,  and  when  the  strabismus  is  developed  first  in  the  ](>th 
or  18th  year,  we  very  rarely  hear  a  complaint  of  double  vision.  Thia 
is  explained,  in  my  opinion,  by  the  fact,  that  the  deviation  aiises 
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only  on  the  effort  tu  see  a  given  object  accurately.    On  that  object 
the  attention  is  fastened.  To  it  the  one  visual  line  remains  directed. 
Now  the  double  image  of  it  lies  in  the  deviating  eye  at  some  distance 
from  the  yellow  spot,  and  must  therefore  appear  indistiDct,  so  that 
beside  the  direct  fixed  one,  it  is  not  easily  seen  as  a  second  image. 
And  on  the  yellow  spot  appears  the  image  of  a  wholly  different  ob- 
ject, with  which  the  observer  is  in  general  not  occupied,  and  from 
wbich  it  is  therefore  easy  to  abstract.    Bat  when  the  denation, 
before  S  is  much  diminished,  occurs  involuntarily,  without  a  special 
effort  to  see  accurately,  there  is  occasionally  some  transient  double 
vision.  The  periodical  form  of  squint  on  looking  at  near  objects,  just 
described,  sometimes  continues  as  such.    Stoeber*  and  Artlt  have 
each  described  a  remarkable  instance  of  this  nature,  the  cause  of  which 
was  unknown  to  them.   In  most  cases,  however,  the  squint  soon  be- 
oooMS  constant.   The  rule  is,  that  invariably  one  and  the  same  eje 
deviates  (strabismus  simplex) ;  this  held  good  even  when  the  squint 
was  still  transient :  when  it  occurs  under  the  form  of  strabismus 
altemans,  with  H,  other  causes  are  often  in  operation.  The  squint  is 
usually  concomitant ;  the  movements  are  free ;  the  excursion  normal 
although  with  excessive  mobility  inwards,  limited  outwards,  ///  do(A 
eyes,  even  wiieu  the  one  constantly  deviates,  the  other  being  steadily 
properly  directed ;  this  is  found  also  to  be  the  case  when  the  squint 
is  still  periodicaL  Both  the  internal  muscles  of  the  eye  are  therefore 
to  be  considered  as  shortened.  The  shortenings  at  first  dynamical, 
has  in  the  constant  strabismus  become  organic :  it  is  the  result  of 
excessive  action,  with  rehoation  of  the  antagonistic  muscles;  morbid 
structural  change  doea  not  exist.   That  both  internal  muscles  are 
shortened,  depends  upon  the  habit  of  keeping  the  fixed  object  to  the 
side  of  the  deviated  eye,  so  that  even  in  the  non-deviated  eye  the 
musculus  rectus  internus  is  brought  into  relatively  strong  con- 
traction.   In  this  position  the  H  of  the  non-deviated  eye  is  best 
overcome.    Also  when  the  strabismus  has  become  constant,  a  com- 
paratively stronger  tension  of  the  internal  recti  muscles  is  connected 
with  the  fixing  of  an  object,  whereby  the  angle  of  squinting  is  in- 
creased—of  course  in  a  less  degree  where  a  great  angle  of  deviation 
already  eiists,  because  increased  tension  ia  then  attended  with  less 
motion :  after  tenotomy  the  increase  of  the  convergence  often  again 
appears  very  well  marked  in  these  cases  on  fixing  an  object.  This 
increase  of  convergence  on  fixing,  when  a  correct  position  has  been 

*  Ann,  d  OcuL,  1855,  T.  zxxiii.  p.  177.         f  /.  c.  T.  iii.  p.  312. 
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obtaine(i  by  tenotomy,  i?  important  in  a  double  point  of  view.  In  tlie 
first  place,  as  it  relates  to  adulU,  who  state  that  they  feel  this  con- 
vergence distinctly,  and  at  the  same  time  perceive  that  they  produce 
it^  as  it  were  involuntariljy  in  order  to  see  iiu»e  aociirately.  More 
direct  proof  that  H  may  lead  to  strabismus,  and  how  it  may  do  so,  could 
certainly  not  be  given.  We  have  here,  in  a  certain  sense;,  a  return  to 
the  fir^  period,  with  this  difference,  that  the  deviation  can  now  be 
observed  by  the  person  himself  in  its  cause  and  in  its  signification, 
while,  just  as  in  tlie  original  first  stage  the  connnencement  was  to  be 
obviated  by  means  of  convex  glasses,  which  sliould  neutralise  the  II, 
the  re/ii/m'  is  now  to  be  prevented  on  the  same  principle. — The 
practical  indication,  after  tenotomy  in  such  cases,  to  give  convex 
glasses  during  work,  furnishes  the  second  point,  in  regard  to  which  I 
called  the  phenomenon  important. 

In  strabismus  sunplex  the  acuteness  of  vision  suffers  more  and 
more  in  the  deviated  eye.  At  first,  on  bringing  the  hand  before  the 
fixing  eye,  the  deviated  eye  directs  itself  properly  to  the  object ; 
even  when  the  hand  is  taken  away,  the  originally  deviated  eye  may 
continue  to  fix,  soon,  however,  usually  when  movement  is  required 
or  even  on  (he  lirst  winking  of  the  lids,  giving  way  to  the  other. 
The  acuteness  of  vision  in  the  deviated  eve  has  then  alrcadv  di- 
miuished,  but  it  continues  still  for  a  considerable  time  satisfactory, 
may  be  recovered  by  practice,  and  improves  almost  always  immedi- 
ately after  tenotomy.  After  some  time,  however,  on  closing  the 
fixing  eye^  the  deviated  eye  usually  directs  its  visual  line  no  longer  to 
the  object;  the  line  passes  to  the  inside,  so  that  the  retinal  image  of 
the  object  comes  to  lie  also  on  the  inside  of  the  retina.  When  this 
takes  place,  we  may  infer,  that  in  the  visual  line  and  besides  in  the 
liehl  of  vision  conmion  to  the  two  eves,  the  acuteness  of  vision  of 
the  deviated  eye  is  much  diniinished,  while,  on  the  contrary,  that  of 
the  indirect  vision,  on  the  innermost  })art  of  the  retina,  in  so  far  as  it 
has  its  own  field  of  vision  and  perceives  objects,  which  are  not  re- 
presented ou  the  retina  of  the  other  eye,  has  continued  undiminished. 
It  is  again  von  Graefe,  who  has  first  accurately  investigated  this  loss 
of  physiological  sensibility  through  psychical  exclusion.  And  this 
is  indeed  a  remarkable  phenomenon !  That  through  attention  we  can 
sharpen  our  senses,  is  an  admitted  fact.  How  rapidly,  on  the  other 
hand,  a  nerve  may  become  blunted,  from  whose  impressions  we  wish 
mentally  to  abstract  ourselves,  the  case  here  described  supplies  en 
example  important  for  phvsiology  at  Large.  Altliough  no  organic 
changes  of  the  retina  arc  to  be  observed,  no  improvement  of  any 
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impofftanoe  is  to  be  obtmed,  if  ftung  no  longer  oeem  nndor  anj 
oiiciimstanoeB,  eithor  bj  pmctioe  or  tenotonj. 

Bnt  we  moal  noi  too  rapidly  decide  thk  point  There  k  a  period 
ULwUdi  the  deviated  eye  will  not  aee  large  objecta  otherwiae  than 

indirectly,  and  nevertheless,  on  using  a  convex  glass,  it  will  quickly 
look  directly,  that  is,  use  the  yellow  spot,  to  recognise  comparatively 
small  objects,  for  example  the  letters  of  No.  X  and  No.  XX.  In 
this  period  we  ooay  by  practice  and  by  tenotomy  sometimes  still  attain 
a  brilliant  succeas, 

A  word  still  as  to  the  practical  application  of  what  has  been  aaid. 
X  hnve  alieady  above  atated*  tbet  eo  long  aa  alvabiflnma  oocnra  only 
mtetBiittingly  with  fixin^f  of  an  object,  ita  derelopmeni  may  be  pre> 
▼ented  by  wearing  cofnTez  glaasea,  which  neqtralise  the  odating  H. 
This  I  first  observed  in  a  young  man,  who  in  his  18th  year  began  for 

ilie  first  time  to  aqnint  in  filing.  He  bad  Hn  7=  ^«  After  be  bad 

worn  ghuaea  of  ^  for  two  daya,  be  began  to  be  no  longer  able,  for  the 

aake  of  seeing  accurately,  to  make  one  eye  deviate.  He  then  saw 
also  at  a  distance  indistinctly,  and  it  was  not  nntil  half-an-hour  after 
putting  off  the  apeotaplea  that  be  again  anooeeded  in  prodnoing  the 
■qnint,  and  thenby  diatingniabing  aecorately.  By  continning  to 
wear  the  spectades,  the  squint  eeaaed  to  be  piodiioed,  and  the 
tendency  to  it  was  completely  lost.-^If  the  squint  sets  in  very  early 
in  life,  wearing  spectacles  is  of  course  attended  with  difhcultics,  and 
particularly  when  the  patients  are  of  the  female  sex,  they  are  un- 
willing to  be  condemned  to  wear  glasses  during  their  whole  life.  In 
such  casea  I  generally  confine  myself  to  adviaing  them  to  look  twice 
daily  for  some  minatea,  with  the  deviating  eye  alone,*  which  practice 
is  sniReient  to  prevent  the  djmination  of  the  acnteneaa  and  the 
limitation  of  the  field  of  vjaion :  at  a  later  period,  when  the  atrabia- 
mna  ia  confirmed,  the  operation  of  tenotomy  ia  performed.  Where 
the  patient  preferred  obviating  the  strabismus  by  wearing  spectacles, 
1  willingly  consented  to  it,  and  almost  invariably  the  ol)j('ct  was  thus 
attained.  Mooren,t  too,  lias  recently  stated  that,  where  a  tolerably 
high  degree  of  Hm  existed,  he  has,  in  the  first  stage  of  strabismus,  with 

*  Mydriasie,  by  atropia,  of  the  eye  wbiek  is  usiuiUy  properly  dbeatsd 
imaudiataly  oaossa  the  otlier  to  be  used,  and  is  tberefote  sometimes  leoom- 
iBsoded  in  the  «we  of  yoiug  squinting  ehildren,  on  whom  it  is  nadesiiaMe 
as  y»t  to  operate. 

20 


uiyiu^L-O  uy  Google 


S06 


STRABIBMUS  CONVEROENS. 


good  lesoH  praoibed  the  vae  of  oonw  gttifwes.  In  otmpantMLj 
great  degrees  of  H  the  jaevealaxm  of  stnbismiu  in  het,  more 
pertieiilarly  deaBfable;,  beeeiue  sabeequentlj,  even  after  foil  teno- 
tomy, the  tendency  to  strabifmaos  continues,  and,  in  order  to  prevent 

a  R'lapse,  the  use  of  convex  glasses,  at  least  for  close  work,  is  still 
necessary.  Moreover,  I  have  observed,  that  when  hypermetropics 
with  already  confirmed  strabismus,  especiaUy  after  insufficient  tenoto- 
my, regularljr  wear  convex  glasses,  the  degree  of  strabismus  often 
diminiahfti  so  mnxsh,  that  the  defonnity  is  almoet  entiieLjr  lenunred. 

If  wa  now  in^oiia  whalhar  tha  aanaa  of  •bmbiaama  waa  ever  hafbn  woof^ 
inhjpeniietnpiattfanqiiaatioamay  boaaaweMintha  negaftiT^  Indoad* 
tUa  aoald  Boaicely  be  othanriae.  It  is  only  a  few  years  sinoe  hypanna- 
tropia  waa  piaperly  understood  ;  and  the  forms  which  are  wholly  or  in  great 
part  latent,  were  OTeriwdced,  ontil  X  aatisfied  myself  of  thor  existence,  and 
immediately  began  to  perceive  thair  relation  to  strabismus.  But  to  this 
conclusion,  what  had  been  observed  and  recorded  by  my  predecessors,  in  a 
certain  dejrree  contributed.  Not  to  mention  some  isolated  observations,* 
which  after  the  discovery  of  hypermetropia,  clearly  enough  di  monstrate  the 
existence  thereof  in  strabismus,  1  must,  in  the  lirst  place,  refer  to  Bohm'sT 
investigations  upon  squinting,  where  it  is  plainly  stated,  that  squinters 
oan  diatingniib  a  aartain  print  with  tha  aid  of  eoMwc  glaaaat  at  a  greaUr 
difltaaoe  than  with  tha  nnaided  eye.  In  thia  oboarrationof  Bohmtharaiaan 
aiaeotial  Taloa;  It  might  have  led  to  iha  diNOTaiy  of  hypermetropia,  and 
partioularly  of  hypermetropia  with  strabismuai  if  ha,  with  a  thorough 
knowledge  of  dioptrics,  had  comprehended  and  properly  ezplaioed  the  fact 
he  bad  observed.  In  place,  however,  of  thinking  of  a  conditioOi  in  wiiiah 
the  retina  lay  in  front  of  the  focus  of  the  eye,  Brdim  has  recourse  to  an 
enijjmatical  connexion  of  "physical  presbyopia"  with  "vital  myopia." 
And  in  any  case  he  was  far  from  seeking  therein  the  came  of  strabismus. 
In  investigating  the  origin  and  causes  of  the  latter,  he  falls  into  the  same 
error  as  all  his  predecessors.  He  tries  to  find  out  the  causes,  not  of  a 
definite  lurm  of  strabismus,  i.e.  of  a  true  form  of  disease,  but  of  a  symptom  : 
strabiamiu  in  generaL  Consequently,  the  oanaaa  of  wholly  different  oon- 
ditioni  were  all  inTeatigated  and  stndied  togather  in  haterogeneooa  oonnax- 
ion.  That  in  thia  way  the  pathogeny  of  ttrabiamna  wonld  not  diwloaa  ita  mya> 
taiiea,  might  indeed  hare  been  antielpatad.  Bnt  there  ia  mora  to  ba  nid 
against  the  reaiontng.  Where  Bohm  treats  of  tha  ''origin  of  squinting  from  tha 
condition  of  the  eye"  (p.  5),  and  further  speaks  of  "the  etiology  of  stnbismns^ 
origiDatiog  from  theeye"(p.l6),  the  state  of  the  r/>'rtV///;<«7  eye  is  and  remains  Cor 
him  the  principal  point.  He  speaks  here  of  "  shortsightedness  of  the  one  eye, 
with  normal  behaviouroftheother/'of  "  Hebetude  of  tbeoiMeye,*' of "  weakness 

*  Conf.  da  Haaa,  Onrhiedkundig  ondenoek  omiraU  de  hgpermgirepie  em 
hare  gtvolgen,  1862.  Diss,  inang.,  p.  61. 
t  Bdhm,  l>a§  SMUn,  Berlin,  1845. 
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of  vision  of  one  eye,'*  and  always  makes  the  eye  aflecteii  with  the  anomaly 
deviate.  In  this  deviation  he  sees  the  endeavour  to  exclude  this  eye,  bat 
by  no  means  an  effort  to  improve  the  accuracy  of  the  retinal  images  in  the 
non-deviating  eye.  What  we  have  above  assumed  as  one  of  the  oiroum- 
stanoes,  under  which  the  eye  more  easily  allows  itself  to  be  withdrawn  from 
iSkm  Wnowilir  Yidoo,  it  ftr  him  th«  tU-dediitv  Mnae.  Bohm  was,  therefore, 
mm  in  MB  mj  om  «Im  from  eooipnlMiiding  tba  origiii  of  eonverging 
straliiiiDin* 

Sobeeqiunflj,  ymn.  QmHh*  was  oertelnljr  on  tiie  point  of  feoogniting  tho 
€MMiM  in  hypamiHropia.  Ho,  hommt,  did  not  tiMt  doflnittly  of  tho  potfao- 

geny  of  strabismus.  He  even  asks  poidon,  when,  in  passing,  some  obserrap 
taons  on  the  snbjeot  fall  from  his  pen.  But  we  value  these  observationt  OS 
so  many  useful  hints,  although,  as  it  did  not  ocour  to  him  to  include  hyper- 
metropia  as  on  olament  thoroin,  his  offorto  nooeasorily  remained  in  great  part 

fruitless. 

Von  Graefe  puts  it  prominently  forward  as  a  well-known  fact,  that  per- 
sistent strabismus  is  very  often,  indeed  generally,  preceded  by  an  **  inter- 
current or  periodical  squint"  Subset^uently  he  remarks,  that  all  cases  of 
intercurrent  strabismus  do  not  run  into  the  persistently  concomitant  variety. 
So  long  as  tlas  has  not  taken  place,  these  oases  must,  with  respeot  to  the 
qioootion  of  operatiTO  aid,  give  rise  to  opeeial  oboerrationa.  Tlioreftiiio,  Ton 
Graefe  prooeeda  to  speak  of  thoiL  But  evidently  he  felt  that  tho  pheno- 
mena, peeoliar  to  theoe  easse,  had  a  partioalar  valne  for  tfaeinvoitlgation  of 
the  paUiogeny  of  the  aflbotion^  for  from  the  pathogonotio  pdnt  of  vioir»  ho 
apecially  oon^en  the  tiiree  oatagoriee,  distjngoiahed  by  him : — 

1.  Patients  who,  with  a  oareless  glanoe^  do  not  acourately  fix  any 
definite  object,  whether  near  or  distant  Von  Graefe  eonsiders  that 
a  disturbance  of  binocular  vision  might  proceed  from  the  squinting  eye, 
and  that  therefore  this  image  should  be  voluntarily  set  aside.  That  per- 
manent strabismus  might  be  thus  prf>duced  is  evident.  But  he  does  not 
think  that  everything  is  thus  explained.  "  When  under  particular  circum- 
stances of  the  act  of  vision,  namely,  in  acute  perception  of  the  retinal 
images,**  (thus  we  read,  /.  c  p.  281),  "  a  deviation  takes  place,  butnotother- 
wise,  an  aotive  oonneoting  link  must  each  time  be  sought  tietwiMn  tlie  aofc 
of  vision  and  the  mnsoiee  of  the  eye."  Farther :  **if  it  [the  link]  is  not  the  dl^ 
torbanoe  of  the  itefooeoopio  retinal  imagee,  the  oonditions  of  the  aeoom- 
modation  next  proeent  themselTea."  In  reforenoe  to  tho  flrat  qvotation, 
von  Oraelb^  hovefor,  remaika,  that  at  OTOiy  diBtanoe,even  behind  thecorering 
hand,  on  fisdog  an  object  the  one  eye  deviates,  and  while^  with  respect 
to  the  latter  quotation,  he  did  not  understand  that  hypermetropia  might  he 
the  eanse  of  it,  he  could  give  no  other  than  this  somewhat  obscure  explana^ 
tion :  "  Every  action  of  the  organ  tending  to  the  elaboration  of  visual  per- 
ception, reflects  the  stimaius  to  the  inegolar  ooatraotion  upon  the  afiisoted 
muscle." 

2.  Cases  in  which  the  visual  axes  are  directed  with  precision  to  a  definite 
distaooe  (eight  inches,  one  foot,  four  feet),  but  where,  at  a  greater  distance, 

•  ArM>f.  OpktkalmologiB^  B.  L>  Abtk  L,  p.  17. 
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a  deriation  taum,    Ibett  an  akDCHl  iaTsikUj  onniMWItd  vitk  Mar- 

■ightodneM. 

8.  Caaes  of  which  he  taTt :  "  The  pathological  ooDT«rg«noe  occurs  only 
with  accommodation  for  near  objects."    The  phenomenon  appears  equaliy 
on  covering  the  squinting  eje,  and  must,  consequently,  says  yon  Oraefe, 
depend  on  the  ooadition  of  aeoommodation,  *'  probably  on  inenaM  of  tlia 
■(ttwhr  yedtUio  with  Hm  wagmmUag  vefraitioB  of  tlM  •yt."     Tha  ia- 
ewMC  of  the  mnwwilar  tennoa,**  hooonluiiMO,  *'  aionaMiathodEwtadmDook 
ikt  dnmbariiif  unpiilM  to  tlio  inognlar  oontnotHB."  Ho  rofiMi  fiirttMr  to 
tkm  angnlor  oiiai,m  whkli,  imlooldny  of  both  noor  tad  diitaat  dtjool^  fltm> 
bismna  OMmfgons  arises,  bat  where,  at  a  Bedinm  distance,  the  viaion  ti 
binooslor.  Ho  ozplamo  this  portty  tnm  myopia,  bat  he  adds  that  often 
hyperpreabyopics  and  presbyopies  are  met  with  in  this  group ;  aometimeo 
myopia  appeared  to  exist  in  distance,  etc..  etc.    He,  at  last,  formalises  hia 
views  in  the  following  manner :  *'  For  all  distances  of  the  visual  object 
there  exists,  according  to  the  natural  inclination  to  tension,  a  slight  degree 
of  pathological  convergence.     If  a  higher  refractive  condition  be  taken, 
whether  through  approximation  of  the  visual  objeot,  or  by  holdinje^  a  con- 
oareglaaa  before  the  eye,  the  morbidly  inoreaaed  contraction  arises;  in  a 
■odinm  or  kw  elato  of  aomvodation,  and  with  proportionally  larg« 
Ntinal  inagee,  tho  ptoTailiag  muwolar  tondonoy  ia,  in  tho  iatowot  of 
■iaglo  Tidon,  oomttoraeted  i  fiv  a  gnafter  diatanoe,  witii  ^ti»HfWT*g  mag^ 
■ttude  of  tho  fotinal  imagio,  thia  oaa  no  kngor  taho  plaoe^  dovblo  imagoa 
arise,  which  are  again  roaovod  from  om  anolhor  by  a  morbid  mmeiilar 
contraction." 

Finally,  Alfred  Oraefe*  proposes  to  himself  the  queetion,  in  a  case  of 
intermittent  strabismus,  not  quite  correctly  called  spasmodic,  whether  it  ia 
the  "conditions  of  accommodation,"  which  "cause  the  deviation  of  the 
right  eye  ?  "  And  when  he  answers  :  "  Certainly  not,  for  it  has  been  ex- 
pressly shown  in  tlie  commencement  of  this  chapter,  that  the  deviation 
always  occurs  so  soon  as  an  objeot  is  fixed,  and  that  it  is  therefore  com- 
pletely independent  of  tho  actoml  state  of  the  aooommodation,"  it  clearly 
appears,  that  ho  did  not  tiunk  of  hypermetropia,  whioh  leqmred  a  tenaion 
of  aooommodation  oron  for  diolant  o^oota. 
*V^aUthisitwiUboaoen,  thatinUtenitaio  hinta  worn  not  altagother 
wanting,  which  might  load  ni,  after  tho  looegnition  of  tho  aUghier  degfom 
of  H»  to  bring  itrabiamna  into  ooanoxion  with  thoooma. 

Of  H,  as  the  cause  of  strabismus  convergens,  I  have  only  eoiaorfly  treatedjf 

but  I  have  long  since,  on  different  occasions,  described  the  results  I  have 
obtained.  The  subject  I  had  not  lost  i>ight  of.  But  I  wished  to  take  it  up 
somewhat  more  fully,  and  to  inquire  in  general,  with  what  anomalies  of  the 
eye  the  different  forms  of  strabismus  are  connected,   it  occurred  to  met  that 

*  Alfred  Graefe,  KImmht  AnafyiB  imr  UoHUiSUarm^  tkt  Avgei. 

Berlin,  1858,  p.  214. 

t  Amstngk^  1860,  p.  i5,  and  Arehio/.  Opkikulmologm,  B.  YI.  AbCh.  1, 
p.  92. 
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saoli  an  investigation  mic^ht  tend  to  clear  up  the  pathogeny  of  strabisnius. 
The  investigation  required  the  statistical  method.    In  a  great  number  of 
•quinten,  therefore,  everything  was  determined  for  both  eyea,  which  ap- 
peared potfibly  to  be  the  oaoee  or  the  mult  of  thia  anomtly,  or  to  be  capa- 
ble of  in  any  way  explainiog  ita  origin :  lez,  age,  and  ofdinary  occupation 
weve  noted ;  of  eaeh  eye  in  partieakr  were  determined  theieihietiTeeoadi' 
tiim,  tiie  range  of  aooommodatioii,  the  aootaneie  of  viuon,  the  extant  of  the 
moTeaaents,  these  last  in  connexion  with  the  Tariable  or  nnTariable 
angle  of  squinting  |  to  these  points  were  added  the  time  and  mode  of  origin, 
the  hereditary  causes;  finally,  complications  of  Tarious  kinds  and  peculiar 
disturbances  in  vision  (limitation  of  the  field  of  vision,  double  vision,  etc.). 
In  this  inquiry,  several  of  my  pupils,  and  in  particular  Dr.  Haffmans,  ably 
and  zealously  assisted  me.    The  registers  relating  to  this  subject  embrace 
li80  cases.    It  is  true  that  in  very  many  instances  not  all  the  dt  terinina- 
tiuns  just  mentioned  were  made,  and  the  accuracy  of  other  cases  leaves 
something  to  be  desired :  he  who  hnowa  by  experience,  how  muoh  time  and 
tronble  are  necessary,  especially  in  children,  or  in  nnintelligent  persons, 
aetialiMtorily  to  inTcstigate  both  eyes  with  respect  to  their  ftmetion,  will 
Tory  eaaily  nndentand  thia*  Bnt  this  will  not  prerent  many  a  qneation 
reaps  art  ng  atrahismus  from  finding  its  answer  in  the  facts  collected.  Here 
I  hare  been  obliged  to  confine  myself  ehiefly  to  the  pathogeny,  and  indeed, 
in  particular  to  that  of  strabismus  conver^ens.    In  the  following  chapter, 
treatin<^  of  myopia,  I  shall  have  to  speak  of  strabismus  divergens. 

After  my  preliminary  communication,  the  fact  that  H  often  exists  in 
strabismus  converjrens,  was  confirmed  in  different  quarters.  Special  com- 
munications on  this  subjtet  we  have  received  irum  Pagenstecher  and 
Saemisoh  {Klinische  Beohachtunytn  aim  der  AugenheilanstaU  zu  li'ieg' 
baden,  Ute  Heft,  1861,  and  2"  Heft,  18G2),  and  from  Mooren  {Klinuche 
MonaMStter  /.  Aitg^nheilkunde,  hinausgegebcn  Ton  Dr.  W.  Zehender. 
Jahrg.  1863,  pp.  37  et  »eq,),  who^  however,  confined  themaelTea  to  the  deter- 
mination  of  the  manifewt  hypermetropia,  and  theiefcve  found  the  propor- 
tion of  H  in  atnbismua  oonTergana  leaa  than  I  did» 


§  25.  Aphakia. 

ITie  absence  of  the  lens  in  the  dioptric  system  of  the  eye  is  in 
many  respects  an  important  condition.  It  must,  therefore,  be  con- 
sidered strange,  that  writers  liad  neirlected  to  give  it  a  name.  I 
have  proposed  to  designate  it  by  tlic  term  aphakia^  and  this  word 
is  beginning  gradually  to  find  acceptance. 

Aphakia  may  be  produced  by  different  causes.  It  ocean  most 
frequently  as  the  result  of  operation  for  cataract  or  of  a  wound, 
which  has  given  rise  to  gradual  solution  of  the  lens.   Wlien  the 
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lens  has  by  haatkm  or  depmeioa  of  calanek  dinppeaied  firam  tbe 
plane  of  the  pupil,  though  it  may  still  be  present  in  the  eje,  it  no 
longer  belongs  to  the  dioptric  system,  and  we  are  therefore  most  Inllj 

justified,  in  speaking  of  anomalies  of  refraction,  in  calling  the  condi- 
tion, in  this  case  also,  by  the  name  aphakia.  Luxation  of  the  lens 
is  usually  the  result  of  a  wound.  Very  remarkable  cases  of  sponta- 
neous luxation  of  the  lens  are  communicated  by  Bowman.*  In  the 
writings  of  von  Graefe  I  have  seen  it  mentioned  that  he  has  ob- 
senred  congenital  aphakia  in  many  members  of  the  same  family. 
Such  cases  have  not  oocnrred  to  me.  Partial  luxation  of  the  lemi^ 
oansing  the  equator  of  the  lens  to  correspond  to  the  plane  of  tiie 
pupil,  is,  on  the  eontmy,  v«y  bt^Oj  met  with,  »d  i.  i>ot  oi.. 
commonly  found  in  several  children  of  the  same  parents.  This  stite 
cannot,  however,  be  considered  as  aphakia;  it  belongs  rather  to 
irregular  astigmatism. 

In  the  condition  of  aphakia  the  eye  is,  complicated  as  it  is  in  its  nor- 
mal state,  the  simplest  imaginable  dioptric  system.    In  consequence 
of  the  slight  thickness,  in  fact,  and  the  nearly  equally  carved  sur- 
.  faces  of  the  oomea»  we  may  safely  neglect  the  slight  difference  in  the 
coefficient  of  refraction  between  the  cornea  and  the  aqueous  humour, 
and  therefore  suppose  that  the  aqueous  humour  extends  to  the  ante- 
rior sorface'  of  the  cornea;  and  as,  moreover,  the  coefficients  of 
refrac  tion  of  the  vitreous  and  aqueous  humours  are  equal,  we  have 
in  the  a})hakial  eye  only  one  refracting  surface  to  take  into  account, 
namely,  the  anterior  surface  of  the  cornea.    Hence  it  follows  that, 
in  order  to  find  the  cardinal  points,  we  need  know  only  the  radios  of 
the  cornea  and  the  coefficient  of  refraction  of  the  aqueous  humour. 
Now  as  the  coefficient  we  have,  with  Helmholts,  assumed  1*3865 ;  as 
the  radius  of  curvature,  in  the  apex  of  the  comeayt  we  may,  accord- 
ing to  our  measurements^  take  as  the  average  7*7  mm.   We  thus 
obtain  the  subjoined  system  {Flff,  122.    Compare  pp.  40  and  44). 
F  =  //  </,'  (=  7-7  :  (1-3365  — 1)  =  22-88. 
r  =  A  </,"  (  =  7-7  X  1-3305  :  (1-3365  —  1)  =30-58. 
Ak'  =  Y"  —  r=7-7, 

Hence  it  appears,  that  tbe  visual  axis,  with  normal  curvature  of 

•  Leeturen  on  the  parts  concerned  in  the  operation  on  the  eye.  LoDdou, 

18 1 y,  pp.      tt  scq. 

t  The  cornea  is  not  spherical,  but  somewhat  ellipsoidal,  and,  in  fact,  with 
such  eccentricity,  that  the  spherical  aberration  is  partially  remo?ed.  In 
the  oalouUtion  the  radias  in  the  apex  must  form  tbe  ba&is. 
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the  csornea,  should  have  a  length  A  ^  sr  30*58  mm.^  in  order,  in  the 

Fig.  123. 


absence  of  the  lens,  to  bring  parallel  rays  to  a  focos  on  the  retina. 
Now,  since  this  axis  is,  almost  without  exception,  much  shorter,  the 
aphakial  eye  must  in  general  be  in  a  high  degree  hypermetropic.  In 
order  to  find  the  degree  of  this  H,  with  a  given  length  of  the  visual 
axis,  we  need  only  ^Wr^ilftt,ft  to  what  point  behind  the  cornea  the 
incidental  rays  moat  converge^  in  order,  after  refraction  by  the  comea, 
to  nnite  on  the  retina.  This  is  done  aocoiding  to  the  fonnola  (see 

in  which  f  is  the  length  of  tlie  visual  aids,  and  f  the  point 
sought  behind  the  cornea.    We  find 
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Henoe  it  directly  followe,  what  glasaee  the  aphakial  eye  requires. 
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Willi  different  lengtlis  of  the  visual  axis,  for  acute  vision  at  a  distance. 
We  need,  indeed,  to  the  ascertained  distance  fy  to  add  onlv 
the  distance  x  between  the  glass  and  the  eye  (compare  p.  14-4),  in 
order  to  tiud  the  focal  distance  of  the  glass  required.  If  we  establish 
9  a*  0*6^  we  therefore  needl^  with/^  =  29  mm.,  glasses  (15*5  0-5 

=  16)  of  ^  I  with /  =  84.  mm.  (31  +  0*5  =  3  6)  of  etc. 

On  the  olber  hand,  we  can  fortho  calcdate  the  length  of  tlie 

visual  axis,  when  the  focal  di.'^tance  of  the  required  glass  is  known. 

If  X  be  assumed  =  0*'5,  ghis^es  of 

1  :  2*5  correspond  to  a  length  of  the  visual  axis/"'  =  21*5  mm. 
1:8  M  ^  22*9  „ 

1:3-6        M  «         i»  /•«23-9 

is4       »       #      «      H  /•-ai-e 

li5  99         »  ,*  /•m26-7 

1:6  «         w         »         M  f^W'^ 

1^10        „         „         „         „  /•«281 

1  :  00  „  „  „  „         /•  =  80-58 

Experience  has  shown,  that  in  the  majority  of  cases  glasses  are 
required  of  from  1  :  3  to  1  :  3*5,  placed  at  6'  from  the  eye.  This 
corresponds  to  a  length  of  the  visual  axis  of  from  22*9  to  23*9. 
This  length  coincides  nearly  with  that  of  the  emmetropic  eye.  Bat 
if  the  eye  was  myopic  before  the  de?elopment  of  cataract,  weaker 
glasses  are^  after  the  opention,  sufficient.   A  case  even  occurred  to 
me,  in  whidi  the  accuracy  of  vision  of  distant  objects  was  incapable 
of  improvement  by  either  positive  or  negative  glasses.   In  tins  in- 
stance the  visual  axis  of  the  eye,  emmetropic  with  aphiikia,  had 
actually  a  length  of  rather  more  than  30  mm.,  and  we  may  as- 
sume that  so  long  as  the  crystalline  lens  was  still  present,  myopia 

of  about  ^  had  existed*   In  a  second  case,  in  a  woman,  aged  36, 

glasses  of  1 : 133  were  sufQcient ;  in  a  man,  aged  73,  glasses  of 

In  this  instance  there  must  have  existed,  before  the  occunence  of  the 

cataract,  a  myopia  of  rather  move  than  ^,  which  had  now  given 

way  to  11  =  1:  7'5.  The  patient  now  declares  that  he  can  see 
without  spectacles  better  at  a  distance  than  he  could  in  his  youth 
before  the  occurrence  of  the  cataract;  as  the  pupil  is  now  smaller 
than  it  formerly  was^  this  is  not  surprising.  In  the  two  other 
cases  mentioned;^  the  diflarenee  auat  have  been  still  greater.  The 
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'Woman,  aged  86,  bad  onlj  one  eye  (the  other  itm  atrophic)  *,  and 

in  that  operated  uii  by  me  there  had  remained  from  youth, 
after  ])erforation  of  the  eoriiea,  a  lateral  leiuoina  with  symchia 
anterior.  Notwithstanding,  she  declared  that  with  this  one  eye  she 
BOW  saw  better  for  ordinary  purposes  than  had  ever  before  been 
poasihle  for  her  with  both  eyes.  But  for  near  work  she  now  required 

spectacles  of     which  formerly  she  had  been  able  to  do  without. — It 
o 

is  a  very  common  case^  that  for  aeeing  at  a  distanoe  in  aphakia,  glaaaea 

11 

of  7  or  -  are  sufficient,  which*  when  the  form  of  the  cornea  is 

0  o 

normal,  proves  that  the  visual  axis  is  longer  than  usual.  Now,  in 
all  these  cases  myopia  has  previously  existed,  and  the  connexion 
between  M  and  length  of  the  visual  axis  is  thus  in  aphakia  most 
dearljr  brought  to  light  (compare  p.  88).  Esjiecially  in  cases  of 
congenital  cataract  have  I  been  able  to  satisfy  myself  of  this.  It 
bas  appeared  to  me  that  this  condition  is  nsuallj  connected  with  a 
myopic  stmctore  of  the  eye.  We  know  that  under  these  drcum- 
atances  not  the  entire  oystaUine  lena  is  obscured,  or  rather,  that 
ordinarily  only  some  laminn  are  obscured,  while  the  nudeua,  and 
especially  the  peripheric  layers,  are  transparent.  Now,  if  the  trans- 
parency of  these  last  is  tolerably  perfec  t,  vision  often  hcconics  pretty 
good  on  artificial  mydriasis.  It  is  then  only  rarely  that  positive  glasses 
are  required  for  reading,  etc.,  notwithstanding  that  the  power  of 
accommodation  is  removed.  The  degree  of  the  myopia  is  now  also 
still  easily  determined.  In  connexion  with  this  M  we  shall  find,  that 
iHien  the  operation  has  become  necessary,  and  the  lena  is  removed, 

ghisses  of  from  ^  ^  ^  are  iu  these  cases  usually  sufficient  for 

aeeing  at  a  distance.   Sometimes  I  have  had  the  opportunity  of 

determining,  in  the  same  eye,  the  degree  of  M  before,  and  that  of  H 
after,  the  operation.  In  the  three  cases  which  were  most  accurately 
investigated  I  found : 


Amstbopia. 

Radius  of 
Carvatarvof 
thaConwa. 

Caiculaled  leugUi 

orui« 

VlMuaAxla. 

M  =  1  :  G 
M  =  1  :  8-5 
llsl:24 

H=  1  :i}12 
H  =  1  :4-5 
H»l:8«2 

7-6 

7-  92 

8-  M 

2C'3G 
25*03 
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It  80  happens  that  tbe  ndhu  of  carfatme  of  the  oomem  is  in  the 
first  ease  somewhat  less,  in  the  last  two  somewhat  greater  than  osnaL 
Iherefore  the  Tisnal  aiia  prores^  in  oomparisoD  to  the  degree  of  M ^ 

in  the  last  two  cases  partkularl}  long;  with  M  =  1  :  8  5  it  is  em 
somewhat  longer  still  than  with  1:6.  It  would  therefore  be  incor- 
rect to  assume,  that  with  M  =  ^  the  visaal  axis  is  nsuaDj  25  mm. 

long.  That  from  the  aboye  obsenrations  the  focal  distance  of  the 
original  crystalline  lens,  in  a  given  position,  may  be  calcolatrd,  the 
leader  will,  no  doubt,  have  ahteadj  understood.  I  hope  to  do  this 
hoeafter  for  a  greater  number  of  cases. 

Original  too,  makes  its  influence  fdt  where  aphakia  has  super* 
▼ened.  In  one  case  eren  (ff  congenital  cataract,  H  was  found  alter 
operation  in  the  right  eye  =  1  :  2-4-4,  in  the  left  1  :  2-4:3.  These 
eyes  were  evidently  rather  small  (approaching  to  microphthalmos), 
without  particularly  marked  curvature  of  the  cornea,  and  the  hypcT- 
metro})ic  structure  was  in  them  not  to  be  mistaken.  Moreover  it  is 
in  general  rare  in  aphakia  to  find  H  >  1  :  2*5.  Where  I  met  with 
H  =s  1 :  2*4  or  1  s  2*3, 1  could  during  life,  the  eye  being  stron^j 
tamed  inwards,  ytaej  well  satisfy  mjrself  that  the  visoal  axis  was 
shorter  than  normal,  and  caknlation,  after  measuring  the  radios  ot 
cunratore  of  the  cornea,  gave  the  same  result 

The  existence  of  aphakia  is^  at  the  first  glance,  not  very 
easOj  recognised.  Often  the  anterior  chamber  of  tbe  eye  is 
deep,  and  we  find  a  certain  degree  of  iridodenosis ;  but  none 
of  these  phenomena  are  characteristic.  The  search  for  the  re- 
flected images  of  Purkinje  is  decisive  (compare  p.  11):  the  two 
refected  images  of  the  lens  are  absent.  Moreover,  the  sectors 
and  the  direction  of  the  fiSres  of  the  ciystalline  lens  are  easilj 
seen  on  lateral  illuminafcion  with  li|^t  coneentrated  bj  a  kns^  partica- 
laily  with  the  aid  of  a  magnifying  glasa^  as  Hehnholts  first  remarked : 
where  these  are  wanting;  we  may  infisr  tiie  existence  of  aphakm. 
finally,  the  degree  of  H,  whether  established  by  experiments  with 
convex  glasses,  or  by  ophthalmoscopy,  in  connexion  with  the  form 
of  the  eye,  cannot  deceive  us.  When  after  a  blow  or  knock  upon 
the  eye  the  power  of  vision  has  suddenly  d.ininished,  without  very 
manifest  disturliances  in  the  organ,  we  should  snerially  bear  in  mind 
the  possil)ility  of  the  lens  having  disappeared  from  the  plane  of  the 
pupil,  in  consequence  of  luxation,  and  we  should  satisfy  ouraelves 
upon  this  point  in  the  manner  above  desciibed. 
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The  acuteness  of  vision  is  in  aphakia  usually  imperfect.  The 
cause  of  this  is  almost  always  to  be  sought  in  turbidity  of  the  sur- 
face of  the  pupil.    Even  after  the  most  successful  operations  for 
cataract,  where  on  inspection  the  pupil  appears*  completely  black,  we 
shall,  on  examination  with  the  ophthalmoflcope,  and  especially  with 
concentiated  incident  light,  usually  find  some  turbidify,  depending 
chiefly  on  a  alight  deposit  on  the  inner  anrfStoe  of  the  capsule  of  the 
lens.   In  consequence  of  this  a  portion  of  the  light  becomes  diffused, 
and  dimhushes  tiie  sharpness  of  the  retinal  images.   Slight  as  this 
turbidity  may  be,  it  has  great  influence,  as  appears  from  the  fact 
that  when  even  only  a  small  part  of  the  plane  of  the  })upil  is  per- 
fectly clear,  vision  immediately  becomes  comparatively  very  good. 
The  clearest  pupils  I  have  obtained  in  some  cases  of  operation  for 
cataract  bj  solution,  where  moreover,  on  account  of  the  larger 
retinal  images  produced  bj  the  use  of  convex  glasses,  S  was  >  1* 

In  other  cases  we  may  be  content,  when  S  as  ^  or  even  only 

which  is  sufficient  for  all  practical  purposes.  A  change  in  the  cur- 
vature of  the  cornea,  wliich  gives  rise  to  tolerable  regular  astigmatism, 
is,  after  extraction,  also  not  mifrequentij  the  cause  of  diminished  S. 
This  may,  as  will  hereafter  appear,  he  in  great  part  corrected  bj  a 
certain  inclination  of  the  glasses. 

Thatr  on  account  of  the  high  d^|^  of  H,  without  convex  glasses 
the  power  of  vision  in  aphakia  leaves  much  to  be  desired,  needs  no 
proof.  Vision  will  be  the  more  imperfect,  the  larger  the  pupil  is,  to 
which,  for  equal  degrees  of  H,  the  magnitude  of  the  circks  of  tliflu- 
sion  is  proportionate.  But  even  with  the  use  of  glasses  a  large 
pupil  has  considerable  disadvantages.  The  power  of  acconimodation 
is,  in  fact,  as  I  shall  more  fuUy  show,  in  aphakia  completely  removed, 
and  a  c^ass^  theiefore,  gives  a  distinct  image  only  for  a  definite  dis- 
tance. All  points,  which  are  either  more  or  less  remote  from  the  eyei, 
are  now  of  course  seen  with  circles  of  diffusion  which  are  larger,  the 
larger  the  pupil  is.  With  a  narrow  pupil  the  smallness  of  the 
circles  of  diffusion  even  of  objects,  for  whose  distance  the  ^e  is  not 
accommodated,  might  lead  one  to  suppose,  as  has  often  happened, 
that  t\\v,  power  of  jxccommodation  in  aphakia  is  not  removed.  It 
is  on  account  of  the  gre<U  advantages  for  vision  of  a  small  pupil 
in  aphakia,  that  we  cannot  consider  the  performance  of  iridectomy. 


uiyiu^L-O  uy  Google 


APHAKIA 


espedallj  inferiorly,  in  the  opentioii  for  catanet,  as  an  mdilTeraift 
matter.  We  know  that  Mooren^  Pagenatecher^  Jacobson  and  othen, 
each  in  his  own  way,  have  given  their  adrioe  in  &yonr  of  it.  Thai 

iridectomy,  not  only  when  the  object  is  by  numerous  punctures  to 
cause  a  soft  lens  to  be  absorbed,  but  also  in  extraction,  mucli  dimi- 
nishes the  dangers  of  the  operation,  is  fully  established.    For  many 
years  I  have  observed  this.    For  this  reason  I  have,  when  there  i5 
a  tendency  to  prolapse,  or  when  a  portion  of  the  iria  has  sufiered 
mneh^  advised  the  performance  of  iridectomy.*  Moreover,  foUowring 
the  eiample  of  von  Oraefe,  I  in  genend  make  iridectomy  precede 
operation  by  puncture.   Bnt  thia  iridectomy  is  performed  anperioriy. 
In  this  eaae  the  part  which  has  suffered  excision  is  almost  compIetcJj 
covered  by  the  npper  eyelid,  and  the  circles  of  diffusion  therefore  do 
not  become  greater.     It  is  quite  a  different  matter  when  the  iri- 
dectomy is  perfoniied  inferiorly.    Hence  I  cannot,  even  where  there 
is  less  danger  of  losing  the  eye,  so  uneouditionally  adopt  the  method 
of  Jacobson,  who  performs  every  extraction  by  tlap-section  inferiorly, 
and  at  the  same  time  cats  out  a  great  piece  of  the  iria.  If  this  method 
with  the  flap  ahove  gives  an  equally  satis&ctoiy  result^  I  should  be 
rather  indined  to  foUow  it. 

With  respect  to  vision  in  aphakia,  I  have  further  to  mention, 
that  the  polyo})ia,  dependent  on  the  crystalline  lens,  the  rays  pro- 
ceeding from  points  of  light,  and  the  streaks  of  light  on  entoptic 
investigation  are  wanting  (eompare  p.  200).  On  the  contrary, 
regular  astigmatism  of  the  cornea,  as  shall  be  more  fully  tjxown  in 
the  cluster  upon  this  anomaly,  makes  its  appearance  most  dis- 
tmctly. 

In  order  to  preacribe  the  most  suitable  giaaaes  in  aphakia,  we  begin 
by  determining  what  glasses  are  required  for  distance :  the  beat  ob- 
ject for  this  puipoee  is  a  point  of  light.  We  now  easOy  ealcalste 
from  the  result  obtained,  what  focal  distance  is  necessary  for  uear 
objects. 

In  order,  for  example,  distinctly  to  see  a  point,  situated  at  the 
distance  j/  from  the  lens,  the  rays  proceeding  from  it  must,  after 
having  passed  through  the  lens  with  focal  distance  P,  convei^  (o 
the  same  point  as  the  rajs  proceeding  from  oo,  after  having  been 

•  See  Ametropie  en  hare  gevolyen.    Utrecht,  1859,  p.  85. 
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refracted  by  the  leas  with  focal  distance  F,.  Consequently, 

111 

With  y  the  distance  from  the  point  of  distinct  vision  to  the  f^iaaa 
lens  is  found.  Let  w  be  the  distance  between  this  lens  and  the  ante- 
rior siirfoce  of  the  oomeay  tben  in  using  the  lens  with  the  focal 
distance  F,,  the  distance  bom  the  point  of  distinct  vision  to  the 
cornea  f^y  4-  ^. 

A  few  examples  may  illustrate  this. 

Lict  the  eye,  in  order  to  see  distinctly  at  a  great  distance,  need  a 
glass  of  1 :  d'5  at     from  the  eye ;  how  far  from  the  eye  will  tbo 

point  of  distinct  vision  lie«  if  this  lens  be  replaced  by  a  lens  of  ^  ? 
This  calcolation  is :       1     1_  1_ 

8  X  84 

3i-3 

/'  =  21i' 

And  if  the  lecond  lens  has  only  2^'  focal  diatance, 

*  ~  84  -  «i 

With  the  lens  of  3'  focal  distance  vision  will  therefore  be  acute  at 
with  that  of  2^''  at  9i".    With  a  lens  of  2''  this  distance  lies 
only  at  5*'. 

If  we  wish  to  know  the  focal  distance  F,  required  in  order  to  see 
acokdy  at  a  given  distance  jf,  tins  is  found  from  the  formula : 

Bnt  the  question  is  then^  whether  we  shall  have  at  our  command 

a  kns  of  the  calculated  focal  distance.  The  object  may,  however,  in 
case  of  any  dilHcjilty  upon  that  point,  be  attained,  as  shall  hereafter 
appear,  by  modifying  the  distance  of  the  lens  from  the  eye. 

With  respect  to  the  choice  of  glasses  in  aphakia,  we  should  not 
foiget»  that,  especially  in  old  people,  completely  as  the  operation 
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may  have  succeeded,  the  power  of  vision  is  seldom  perfectly  acut<*, 
and  that,  conscciuently,  in  order  to  read  a  smaller  kind  of  type,  the 
point  of  distinct  vision  must  be  brought  rather  near  the  eye.  Not 
imfreqiiently  this  distance  may  amount  to  not  more  than  6".  In 
jonng  subjects,  in  possessioii  of  acute  power  of  vision,  it  may  be 
consideiahlj  greater,  the  more  so  because  in  aphakia  the  letiiial 
images  ht  exceed  in  magnitade  those  of  the  same  ^e,  before  it  was 
deprived  of  its  lens.  The  dioptric  system  is  altered :  instead  of  a 
lens  fit  the  eye,  a  lens  is  now  placed  in  Jhmi  ^the  eye,  and  oonse- 
qucntly  the  united  nodal  point  is  iiiovcd  forwards.  If  the  lens  be 
farther  removed  from  the  eye,  the  nodal  point  will  come  to  lie  even 
before  the  cornea.  Hence  it  appears  that  the  retinal  images  must 
be  larger,  and  that  they  increase  still  more  in  magnitude  with  the 
removal  of  the  glass  from  the  eye. 

This  increase  of  magnitade,  which,  in  using  a  weak  glaas  held  at 
a  great  distance,  becomes  veiy  considerable,  is  fonnd  by  comparing 
the  magnitade  of  the  retinal  image  fii  of  the  origbal  eye  with  fi^  the 
retinal  image  of  the  aphakial  eye,  combined  with  a  convex  lens. 
The  subjoined  table  gives  a«view  of  the  increase  of  magnitude^  which 
we  obtaiued  on  calculatiou.^ 


Focal  nU- 
tance  of  the 

I>i«uuice  of 
this 

8 

0*6 

1*322 

4 

1-5 

1-763 

5 

2-5 

2-203 

6 

3-5 

2-644 

8 

6-5 

3-625 

10 

7-5 

4*406 

16 

18*6 

7-050 

*  We  should  bear  in  mind,  that  for  remote  objects 

j3,  G'  and  F^  having  reference  to  the  originally  emmetropic  sje,  /8„  0/ 
and  jP,  to  the  aphakial  eye,  in  connexion  witli  a  convex  lens. 

In  calculating  the  increase  of  magnitttde,  under  the  use  of  different  ooii> 
vex  lensesi  we  assumed : 

P/si  0-6734, 

in  aa  eye,  with  a  imdins  of  the  eotnea  of  7*7  mm.  aud  a  length  of  the 
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Hence  we  see,  that,  when  in  aphakia,  with  H  =  I-  a  lens  of 

is  held  at  13' o"  from  the  eye,  the  patient  sees  objects  rather  more 
tVian  seven  times  larger  than  he  did  with  the  original  eye,  furnished 
with  a  crystalline  lens.    This  vision  is  about  the  same  as  that  of  tlie 

emmetropic      using  glasses  of       would  be,  on  looking  through 

glasses  of  ^  at  13"'5  distance.    The  combination  is,  therefore, 

equal  to  that  of  a  Dutch  or  Galilean  teLesoope.  In  aphakia  we 
find  it  under  the  simple  form  of  a  lens  of  from  10'  to  20^  focal  dis- 
tance, while  the  hypermetropic  eye  })lays  the  })art  of  an  eye-piece. 
Other  strongly  hypermetropic  eyes,  without  aphakia,  can  likewise 
make  use  of  the  same. 

In  the  above  theory  and  calculation,  we  have  assumed  that  in 
aphakia  the  power  of  accommodation  does  not  exist.  It  is  an 
important  question  whether  we  are  justified  in  doing  so.  Por 
if  it  can  be  proved  that  in  aphakia  no  trace  of  accommo- 
datire  power  remains,  the  inference  would  seem  to  be  legitimate 
that  this  power  depends  exclusively  upon  a  change  of  form  in 
the  lens.  Hitherto  this  question  has  not  been  rigidly  investigated. 
It  is  true  that  Thomas  Young*  had  already  in  some  cases  of  apliakia 
examined  the  eye  with  reference  to  its  accommodative  power;  but 
the  eyes  at  his  disposal  were  not  particularly  well  adapted  for  the 
pnrpose,  and  he  moreover  thought  the  result  only  tolerably  satisfac- 
tory in  proving  the  absence  of  the  accommodating  power.  Yon 

vinial  axis  of  22*9  mm.,  thus  having,  with  aphakia,  S  s        Now  we 

foand,  with  the  use  of  different  glasses, 

=■   ^  (compare  Hehnholts,  JHoptrik,  p.  68),  F  being  the 

fooil  diatanee  of  tlia  lens,  F*  the  anterior  fooal  distanoo  of  the  apbakial  eye, 
aadxthodiitanoefrom  the  eoavaxleni  totheoomea.  In  this  ease  «  mast 
always  be  =  F^  2.5*.— Wo  tee  from  the  above  table,  that  /3  is  proportion- 
ate to  Ft  whioh  may  he  at  once  deduced  from  the  formula:  the  numerator 
increases  proportionately  to  F.  On  the  contrary  /' —  x  (in  our  case  =  2*5'}, 
and  with  it  the  whole  denominator,  is  an  invariable  quantity.  Conse- 
qnently  if  F\  increases  proportionately  with  i*',  this  holds  good  likewise 
for  /3„  the  value  of  whioh  is  proportionate  to  I*^ 
*  loc.  cU,,  pp.  46  et  aeq. 
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Graefe,*  on  the  contrary,  found  that  some  accommodating  power 
remained.  He  remarks,  however,  that  those  who  made  the  most 
accurate,  and,  on  repeated  investigation,  the  most  uniform,  statements, 
had  the  least  range.  Whatever  else  we  find  here  and  there  noted 
respecting  the  occurrence  of  considerable  range  of  accommodation  in 
aphakia,  proves  only  that  the  writers  had  no  idea  of  the  degree  of 
distinctness  of  vision,  even  in  imperfect  accommodation. 

My  inveHigafions  have  led  me  to  the  conviction,  that  in  aphakia  not 
the  slightest  trace  of  accommodative  power  remains.    In  old  people, 
and  with  imperfect  aouteness  of  vision,  observers  sometimes  think  they 
are  able  to  prove  the  existence  of  a  certain  amount  of  range  of  accom- 
modation ;  but  in  young  persons,  with  perfectly  clear  pupils  and  great 
acuteness  of  vision,  in  whom  precisely  we  might  still  expect  to  find 
some  accommodative  power,  it  is  quite  evident  that  the  latter  is 
entirely  lost.     A  young  person,  of  perfect,  indeed  of  extraor- 
dinary, acuteness  of  vision,  who  was  liimself  interested  in  the 
investigation,  had   suffered  from  congenital  cataract,  and  had 
been  operated  on  by  me  in  both  eyes  with  the  most  complete  suc- 
cess.   With  glasses  of  ^,  placed  at  5'"  from  the  eye,  he  saw,  at  a 

great  distance,  a  point  of  light  sufficiently  round  and  perfectly  defined. 
A  sight  [vizier)  was  placed  in  the  direction  between  one  of  the  eyes 
and  the  point  of  light,  and  when  he  now  looked  with  converging 
visual  lines  towards  the  sight,  the  point  of  light  remained  unchanged 
or  became  somewhat  smaller  and  sliarper,  without  changing  its  form. 
If  the  lens  was  removed  only  J'"  more  or  less  from  the  eye,  the 
distant  point  of  light  had  ceased  to  be  a  defined,  round  point,  and 
was  elongated  in  one  direction,  to  the  form  of  a  line ;  now  even  with 
the  most  powerful  exertion,  and  convergence  in  the  point  of  the 
sight,  the  hue  of  light  became  only  somewhat  shorter,  without  how- 
ever a  point  making  its  appearance.  This  shortening,  as  well  as  the 
diminution  of  the  acutely  seen  point,  depended  upon  narrowing  of 
the  pupil,  which  was,  indeed,  directly  observed.  The  experi- 
ment was  repeated  separately  for  each  eye,  with  a  like  result. 
Behind  the  black  plate,  which  in  the  trial  was  placed  before 
the  one  eye,  the  turning  of  this  eye,  in  looking  towards  the  sight  and 
towards  the  remote  point  of  light,  could  be  observed.  The  force  of  the 
experiment,  therefore,  leaves  notliing  to  be  desired.    No  accommo- 

•  Archivf.  Ophthalm.,  B.  II.  Abth.  i.  p.  188. 
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dation  wliatover  existed.  Nevertheless  in  this  case  aho  a  small  mari^in 
of  distinct  vision  was,  on  examination  with  the  optometer^  observed, — 
a  proof  that  we  cannot  thence  infer  the  existence  of  aooommoda^ 
tive  power. 

In  a  second  similar  case,  Uiat  of  an  intelligent  jonng  msn,  the 
total  absence  of  acoommodatiYe  power  was  in  like  msnner  proved. 
In  this  instance  it  was,  moreover,  established,  that  when  a  point  of 
light  was  acntely  seen  at  a  distance,  tlirough  a  given  lens,  the  addi- 
tion of  a  lens  of       or  —        (by  the  combination  of  ^  with 

— ^  or  of  53  with  —       produced  the  weU^known  change  in  the 
oo        oo  oU  J 

point  of  hght :  the  patient  constantly  stated  that  b)'       the  point  of 

light  was  extended  in  the  vertical,  by  —  in  the  horizonai  direc- 
tion to  a  short  line.  On  the  other  hand,  the  convergence  of  the 
visual  lines,  with  the  etTort  to  see  near  objects,  was  not  followed  b) 
the  slightest  change  of  form;  consequently  there  Mas  no  reason  to 
suppose  the  existence  of  accommodative  power.  I  must  add,  that  at 
the  moment  when  he  directed  his  attention  entirely  to  the  sight,  sn 
actual  chsnge  in  the  sharpness  of  the  point  of  light  was  still  observed 

immediately  on  unexpectedly  pushing  before  hiiu  a  lens  of  |^  or 
^  ^ — Subsequently  I  have,  at  different  times^  tried  a  similar  ex- 
periment,  in  whi^glasses  of  ^     or  of  —       (a  combmation  of 

with  ~  ^  ^  ®^  ^  ^'^^  —     j  produced  an  evident  change  of 

form  in  the  image  of  light,  while  on  varying  the  convergence  and 
endeavouring  to  accommodate,  no  change  whatever  took  place.  The 
range  of  accommodation  therefore  amounts,  in  aphakia,  even  in  a 

youthful  tye,  certainly  to  less  than        and  may  therefore  be  con- 
sidered =  0.    It  may  well  surprise  us,  that  v.  Jaeger,  who  is  aware 
of  these  investigations,  still  speaks  of  accommodation  in  aphakia  (/• 
p.  111). 

Tiie  complete  want  of  accommodative  power  may  readily  mislead 
to  the  idea,  that  in  aphakia  glasses  of  different  focns  are  necessaiy 

21 
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for  eacli  distanee.  Foitniiftteiy  tbis  is  not  the  case.  An  acoommoda- 

live  power  remains,  the  inethaiiism  of  which  is  extremely  ^i  tuple. 
The  drawback  is,  that  the  hand  must  in  it  perform  the  active  part. 
The  power  of  accommodation  to  which  I  have  alluded,  consist?  in 
the  alteration  of  the  distance  between  the  glass  and  the  eye.  The 
lens  placed  before  the  eye  has  been  substituted  for  the  crystaUine. 
Tt  ran  also  take  on  itself  the  part  of  the  accommodation.  It  cannot 
do  this  bj  altering  its  fornix  like  the  lens  in  the  eye,  but  it  holds  to 
the  old  theory,  aooording  to  which  the  power  of  accommodation  was 
made  to  depend  upon  displacement  of  the  lens.  I  teach  all  anffererB 
from  aphalda  to  accommodate  in  this  manner.  Let  F,  =  <p'  (fig. 
128  A)  be 

Fig.  123. 


the  focal  distance  of  the  lens  required  for  distant  vision,  and  the 
distance  l^khe  ^  x:  then  the  rays  a h  and  c ^/^^\ hich,  refracted  at 
k  by  the  cornea  (dotted  lines),  would  meet  on  me  retina,  oonveiige 
towards  i^,  at  —  9  behind  the  cornea.  If  the  same  lens  be  now 
l^l^ssaf  removed  farther  from  the  cornea  (compare  Fig.  B),  f, 
becomes  equally  removed  forwards  to  {<p.jj  =  /J^  =  r).  Now 
wc  know  that  rays,  in  order  to  be  brought  by  the  refraction  of  the 
cornea  on  the  retina,  must  be  directed  to  j  (corresponding  to  of 
A).  Consequently  they  must  proceed  from  a  certain  point  /  situated  at 
a  finite  distance,  whence  the  rays  i  d  and  i'  d  sltq  supposed  to  | 
diverge^  and  of  which  j  is  the  conjugate  focus.   The  distance 

f    «    we  the^ore  find  from 

1  _  J  ^1 

Ft     F,  +  / 
In  order  to  find  the  distance  of  distinct  vision  to  the  comes, 
we  must  add  to  ^,  the  distance  l^h^x  +  x  from  the  lens  to  the  eye. 


I 
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In  the  oTdioaiy  position  the  glass  is  about  balf-an-inch  from  the 
eye,  and  the  spectacles  can  easily  desceud  an  inch  farther  on  the  nose. 
Now  if  a  person  in  order  to  see  at  a  distance,  requires  ghusses  of 
1  :  SJ,  placed  at  half-an-inch  from  the  eye,  let  the  spectacles  be  re- 
moved only  half-an-inch  more,  and  the  above  mode  of  calculation 
shows  that  accommodation  has  taken  place  for  the  distance  of  29''; 
let  them  be  removed  a  whole  inch  more,  and  the  point  of  distinct 
viaiom  lies  at  17i'.  If  glasses  of  1 :  8,  placed  at  bklf-an-inch  firom 
the  eje,  are  neoessaij  for  distant  yimxm,  then,  on  removing  the  glasses 
to  1',  the  point  of  distinct  vision  lies  at  22',  on  removing  them  to 
it  lies  at  13  J',  and  some  people  then  read  exceedingly  well. 

Notwithstanding  this  artificial  power  of  accommodation,  it  is  in 
general  advisable  in  aphakia  to  give  two  spectacles,  one  for  distant, 
the  other  for  close  vision.  Each  pair  of  si)ectacles  can  then  take  on 
itself  a  part  of  the  desired  region  of  accommodation,  and  the  neces- 
sary displacement  may  now  be  very  slight.  But  in  order  to  read  or 
write  anything  for  a  moment,  the  spectacles  usually  worn  for  distant 
vision  are  simply  displaced  as  may  be  necessaiy. 

If,  with  good  power  of  vision,  aphakia  exists  in  both  eyes,  we  must 
carefolly  attend  to  the  mutual  distance  of  the  axes  of  the  two  glasses. 
The  greatest  care  is  then  required,  in  order,  under  different  circum- 
stances, to  guard  against  double  vision.  Sometimes  I  have  been 
obliged  to  have  the  glasses  more  or  less  ground  on  the  outside,  espe- 
cially when  the  eyes  stood  particularly  close  to  one  another.  Once 
too,  for  near  vision,  insufficiency  of  the  rausculi  recti  interni  occurred 
to  me,  which  was  completely  corrected  by  modifying  the  distance  of 
the  axes.  The  knowledge  of  the  general  laws  must  here  be  our  guide 
in  each  particular  case. 

finally,  in  altered  curvature  of  the  cornea,  which  is  seen  especially 
after  prolapsus  xridis  in  extraction,  an  oblique  position  of  the  glass 
is  required,  of  which  I  shall  speak  more  fully  in  treating  of 
astigmatism. 

A  word,  in  conclusion,  on  examination  with  the  ophthalmoscope 
in  aphakia.  In  general  a  high  degree  of  H  exists  in  this  condition. 
If  the  rays,  in  order  to  come  to  a  focus  on  the  retina,  must  converge 
in  a  point  situated  3'  behind  the  cornea,  the  rays  proceeding  in  a 
diverging  direction  from  the  retina  will  appear,  after  having  been  re- 
fracted on  the  anterior  sur&ce  of  the  cornea,  to  proceed  from  a  point 
situated  3'  behind  the  cornea.  With  myopia  of  nearly  1 : 3,  therefore, 
the  observer  can  still  examme  the  retina  in  the  unreversed  image. 
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We  tmderatand^  moieover,  that  in  order  to  see  the  fundus  aecontdr 
in  aphakia  in  an  ordinary  eye,  an  emmetropic  eye  must  either  lemon, 
or  aeoommodate  strongly  for  near  objects^  or  make  use  of  poeitift 
ghsses.  V9e  may  also  combine  one  plan  with  another.  Fotr  ^ 
ocolist  it  is  impoitant,  that  he  shonld  be  aware  of  each  change  in  hk 
accommodative  power,  aiul  thut  he  should,  uiiiler  all  circumslanci-. 
be  ahle  voluntarily  ctHii])k'tcly  to  relax  hi^  power  of  acconiniotlatioL. 
Witli  this  total  relaxation  the  enimetropie  eye  .sees,  with  glasses  of  1 :  5, 
held  ut  about  2'  from  the  observed  e^e,  the  fundus  oculi  in  aphaku, 
with  perfect  acuteness.  The  rays  then  appear  to  proceed  from  a  poiiit» 
situated  3'  behind  the  cornea,  and  the  eye  investigated  therefore  re- 
quires glasses  of  1 :  8|«  at  from  Uie  comeay  in  order  to  be 
accommodated  for  parallel  rays^  that  is,  for  distance.  We  can  thus,  | 
from  the  observation  with  the  ophthalmoscope,  deduce  the  strength 
the  glasses  required.  This  is  not,  however,  atteuded  with  any  esar- 
tial  advantage.  The  patient  himself  states,  more  accurately  than  can 
be  determined  with  the  ophthalmoscope,  the  glasses  which  he  requm- 
for  distant  vision,  and  in  general  decides  with  great  precision^  ^ 
what  distance,  and  with  what  inclination  of  the  glasses,  a  remote 
point  of  light  is  most  acutely  seen.  But  the  observation  is  m- 
portant  in  another  point  of  view.  In  fact^  it  is  known^  that  in  die 
emmetropic  eye  the  whole  curvature  of  the  retina  lies  in  the  foes) 
surface  of  the  dioptric  system :  with  the  ophthalmoscope  with  I 

unaltered  aecomiuodatioii,  even  the  cccentrie  parts  of  the  retina  acutely  ' 
defined  in  the  unreversed  image;   and  in  the  eye  of  the  white 
rabbit,  removed  from  the  head,  I  saw  sharp  images  of  remote  object- 
glimmering  through  the  entire  sclerotic,  so  far  as  the  latter  bears  a 
retina  on  its  inner  surface.    Thomas  Young  connected  the  anion  i 
the  rays  on  the  retinal  surface  with  the  laminated  structure  of  the  | 
lens.    It  is  certain  that  this  is  not  without  influence  upon  it.    We  i 
can,  in  het,  satisfy  ourselves,  as  might  be  h  priori  inferred,  that  the  ' 
retina,  where  aphakia  exists,  is  not  visible  with  equal  accuracy  in  ali 
directions  through  the  same  lens,  unless  the  observer  alters  his 
accommodation  or  his  distance  from  the  eye.  ' 

Another  question  is,  whether  the  forms  perceptible  in  the  fundui  , 
oculi  also  undergo  a  change,  when  we  look  into  the  eye  under  t  ' 
tolerably  great  angle  with  the  vnsual  axis.  I  have  satisfied  mysdf  | 
that  this  is  really  the  case.  If  we  dilate  the  pupil  in  cases  in  which  i 
clearly  visible,  sharply-defined  forms  occnr  in  the  fundus  oculi ;  for  ! 
example,  where  circumscribed  deposits  of  pigment  exist  in  the  retina, 
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^re  see  the  same  figures,  under  the  slight  diflcreiice  of  direction,  with 
."^hich  they  continue  visible,  becoming  elongated  and  shorti  iied  in 
w^arious  directions.    It  appears  to  mo  that  thus  also  the  form  of  an 
.eccentric  image  must  deviate  from  that  which  is  produced  by  the 
dsame  object  near  the  axis  of  the  eye  on  the  retina.   The  diieetKm  of 
^iie  projection  nrast  be  modified  accordingly^  while  yet  the  objects 
mre  seen  also  indirectly  in  their  true  form.  Now  it  deserves  remark, 
^bat  in  a  case  of  pigmentary  deposition  on  the  retina,  in  which  the 
lens  was  extracted,  this  change  of  form,  connected  with  looking  in 
different  directions  into  the  eye,  was  no  longer  observed,  or  at  least 
was  perceptible  in  only  a  very  slight  degree.    We  must  therefore 
assume,  that  indirect  vision,  in  aphakia^  has  undergone  a  change,  in 
this  sense,  that  the  forms  of  the  bodies  are  now  represented  more  cor* 
recUy  in  the  retinal  images,  but  are  even  therefore  less  correctly  pro- 
jected.  However,  ibe  importance  of  this  ceases  with  the  nse  of 
tolerably  strong  glasses,  which  ia  almost  invariably  required;  for 
when  such  glasses  are  employed,  no  sharply-defined  images  whatever 
cau  occnr  on  the  eccentric  parts  of  the  retina. 


NOTE  TO  CHAPTER  VI. 

In  the  writings  of  the  eighteenth  century  I  have  sought  in  vain  for 
proofs  that  II  was  observed  and  recognised  as  such,  or  that  the  existence  of 
this  anomaly  of  refraction  was  even  suspected.  It  is  not  until  1811  that  we 
find  a  case  communicated  by  Wella  {Philmophical  Transactions,  vol.  ciii. 
p.  380).  It  relates  to  bis  own  eyes.  At  the  age  of  55  he  femarked,  that  hia 
prwbyopia  was  attiibataUs  to  kw  (diminatioii)  of  aooommodation,  and  that 
ho  reqiiired  even  glanes  of  36  inehes  pooitiTe  Iboal  diitaiioo»  in  order  to  eeo 
aoately  ai  a  ditianee.  This  ohMrvation  did  not  eeoape  the  learned  Mao- 
kendo  (A  JhraeUeal  Dreaiite  on  the  Diuatn  of  the         London,  1830, 

729).  *'  Although  the  eye,"  we  read,  **  after  middle  life,  Iosob  the  power 
of  distinguishing  near  objects  with  ooneetneis,  it  generally  retains  the 
eight  of  those  that  are  distant  Instances,  however,  are  not  wanting  of 
persons  of  advanced  age  requiring  the  aid  of  convex  glasses  to  enable  them 
to  see  distant,  as  well  as  near  objects."  As  he,  in  addition,  quotes  the  case 
of  Wells,  it  follows  from  the  above,  that  he  considers  the  occurrence  of  the 
condition  in  question  at  a  more  advanced  period  of  life  as  not  unusual,  and 
Wells  himself  was  of  the  same  opinion. 

The  cases  here  spoken  of  have,  however,  leferenoe  only  to  hypermetropia 
acquiaitB.  If  no  other  form  ocottrred,  hypenBetiO|ila  would  not  be  of  any 
gnat  importance.  It  would  then  really  be  ooeztentive  with  presbyopia, 
and  we  ehoold  have  been  able  to  oonoor  in  the  nee  of  the  term  hypgrpre9- 
hffopiot  whieh  Stellwag  von  Oulon,  etarting  from  snob  eases,  has  given  in 
generil  to  those  eyes  in  whiohtlie  foens  lies  behind  the  letba. 
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On  tho  19th  ^November,  1812,  JamM  War©  read  before  the  Royal  Society 
bU  Obt$r9atum9  nlaiive  to  the  near  and  di$tanl  tight  of  different  perwmu 
After  hftTing  spoken  of  the  eenile  oluuigea  of  the  eye,  and  haTing,in  ooneln- 
aion,  qnoted  Welle'  eaee  of  zelatiTe  hypermetropin  aoqaiaitay  he  adds  the  | 
iUlowing  vemarkaUe  worda :  *'Theie  aie  alao  inatanoee  of  yonog  pefaona, 
who  have  lo  diaproportionate  a  eonTezifj  of  the  eornea  or  eiystalline,  or  of  i 
both,  to  the  diatenoe  of  these  parts  from  the  retina,  that  a  glass  of  oonsiderar 
ble  oonvexity  is  required  to  enable  them  to  see  distinctly,  not  only  near  objects, 
bat  also  those  that  are  distant;  and  it  is  remarkable,  that  the  same  gla^ 
will  enable  many  such  persons  to  see  both  near  and  distant  objects  ;  thus  ^ 
proving  that  the  defect  in  their  sight  is  occasioned  solely  by  too  small  a 
convexity  in  one  of  the  parts  above-mentioned,  and  that  it  does  not  influence 
the  power  by  which  their  eyes  are  adapted  to  see  at  distances  variously 
remote.    lu  this  respect  such  persons  differ  from  those  who  had  the  crys- 
talline humour  remoyed  by  an  operation ;  since  the  latter  always  require  s 
glaaa  to  enaUe  them  to  diaoem  distant  objects,  diilinent  from  that  whieh 
thej  nae  to  see  thoee  that  are  near "  (PAtfosc^pMiNi/  TVoiMMtiiMia  ^  <As 
J2oya/iSl9d0^^XofMlMi,>br  <AsyMr  1813.  London,  1818,  p.  48).   In  these  , 
few  worda  Jamea  Ware  entitlee  himself  to  be  oalled  the  disooverer  ef  hyper- 
metropia.*  In  a  youthful  eye,  withsnffioient  aooommodation,  position  of  the 
focus  behind  the  retina  and  need  of  oon?ez  glaasee  for  seeing  distant  objects : 
the  portrait  is  complete.    But  not  perceiving  the  great  bearing  of  his  dis- 
covery, Ware  confines  himself  to  this  brief  communication,  which  was  either 
overlooked  or  not  comprehended.    Even  Mackenzie  {loc.  cit.  4th  edition,  p. 
923)  speaking  of  it  in  connexion  with  presbyopia  can  say  only  :  **  llie  cases 
related  by  Mr.  Ware,  as  occurring  in  young  persons,  seem  to  partake  nion; 
of  the  character  of  asthenopia  than  of  presbyopia.*'    Hence  his  asthenopia 
might,  vice  veradf  have  suggested  to  him  the  idea  of  hypermetropia. 

With  Ware  our  knowledge  of  H  waa  loat  We  nezt  meet  with  Sehel 
(Dee  htneUee  et  dee  Hate  pathohgiquee,  eoneeeut^  d  leur  nea^  uraiionel. 
Annalee  d^oeuKetique,  Tome  ziii.  pp.  ff,  49,  109,  169.  Tome  sir.  pp.  14, 
193.  Bruzelles,  1845),  whose  doctrines  have  long  ezerdaed  a  great  inflnenes. 
Cases  of  an  anomaly  of  such  general  occurrence  could  not  escape  so  excel- 
lent  an  observer.  As  *'nne  espdce  d'amblyopie  cong^nitale  oompliqu^ 
de  presbytie  ot  prise  d'ordinaire  pour  un  tres-haut  degrd  de  myopie,'*  to 
which  he  gives  the  name  of  nvihlyopic  preahytique  conghiitxile,  he  sketches 
a  distinct  picture  of  high  degrees   of   hypermetropia.     The  nature 


*  While  the  above  pages  are  passing  through  the  press,  I  find  that  Janin 
too  waa  aoqnainted  with  H.  Thus  I  read,  in  an  article  by  Muncke,  in 
Gehler's  Physik.  U^urterbuch,  B.  iv.,  1828,  p.  1309,  the  following  words: — 
**  To  the  singular  i)henomena  belongs  lastly  such  a  condition  of  the  eyes, 
that  neither  near  nor  distant  objects  can  be  distinctly  seen  without  convex 
glasses,  as  after  the  operation  for  cataract.  Now  Janin  {Mem.  el 
obterv.  sur  tcsU,  Paris,  1772,  8vo.,  p.  429)  has  observed  this  defect,  which 
he  attributes  to  too  great  flatness  of  the  lens.**  I  have  not  had  an  opportu- 
nity of  perusing  Janin'a  eommnnioation  in  the  originaL 
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of  tlie  affiMtioii  be  did  aot|  liowmr»  oomprefaend.    He  states,  in- 
'deed,  that  negatiTe  glasses  only  inoommodei  that  en  tlie  oontraxy,  im- 
pvoTement  is  obtained  by  eonTez  glasses,  **  ayeo  lesqaels  ils  n'ont  pas  besoin 
Tapproeher  beaneoap  pins  les  ofajets,  et  qui  m^rne*  ponr  lenr  seirir 

efficacement,  doivent  etre  d*uiie  certaine  force.*'    But  be  was  fisr  from 
belifiTiDg  that  they  really  required  these.     "  H  serait  dangereux  toutefioi^*' 
he  saya,  "de  les  lenr  aoeorder  trop  tot,  ou  de  pennettre  qu'ils  nseat  des  verres 
trop  pnieeants:  mieux  vatU  les  en  prxver  le  plus  longtems  possible.^' — If 
liypermetropics,  who  had  already  worn  convex  spectacles,  resorted  to  him, 
he  did  not  hesitate  to  declare  that  the  use  of  the  glasses  was  the  cause 
why  they  could  not  distinguish  without  such  assistance,  and  already  saw  a 
dangerous  amhlyopia  looming  in  the  distance.  He  therefore  unconditionally 
forbad  the  use  of  positive  glasses  for  remote  objects.    This  he  did  even 
in  the  oase  of  old  persons.    Nay,  he  blames  Mackenzie  in  this  respect, 
who  nevertheless  eerlainly  did  not  go  too  fiur.    In  this  singnlar  prejudiee 
against  the  nse  of  positive  glasaes  is  oontained  the  proof,  that  the  natme  of 
the  deviation  remained  a  mystery  to  Siobel. 

The  same  prejndiee  eontinned  for  a  long  time  to  be  tolerably  generally 
entertained.  Even  so  late  as  1853,  White  Cooper  {On  Near  Sights  Aged 
Sighif  and  Impaired  Vmon,  p.  97)  describes  the  ease  of  a  girl,  aged  eight 
years,  vho  used  a  convex  glass,  and  with  it  was  enabled  to  work  at  the 
distance  of  a  foot.  He  adds  that  her  parents  had  both  been  obliged  to 
wear  convex  glasses  at  the  acre  of  thirty  (hereditary  H)  ;  and  still  he  could 
g^ve  the  poor  child  no  better  advice  than  to  refrain  from  the  use  of  spectacles. 
**  There  is  good  reason  to  believe,"  he  says,  "  that  as  she  grows  older,  and 
her  eyes  are  more  employed  upon  near  objects,  the  distance  of  the  point  of 
distinct  vision  will  decrease.'* — So  little  was  it  suspected,  that  the  structure 
of  the  eye  caused  the  focus  to  fall  behind  the  retina,  and  that  at  any  distance 
eoneetion  1^  means  of  a  oonvez  glass  wss  therefore  neoessary. 

When,  after  the  diseovery  of  tiie  operation  for  strabismns,  this  form  of 
disesse  had  attraeted  snoh  general  attention,  and  in  a  short  time  beeame 
the  snljeet  of  a  long  series  of  eesays,  it  followed,  as  a  mattev  of  oonrse^  that 
the  power  of  vision  of  sqninters  shoidd  be  speeially  attended  to.   Many  of 
these  essays,  however,  do  not  bear  the  stamp  of  unprejudiced  investigation. 
Almost  always  a  special  desire  was  manifested  to  show  that  by  the  opera- 
tion not  only  was  the  deformity  removed,  but  that  the  disturbance  of  vision 
was  also  j^otten  rid  of.  In  general  we  find  anomalies  of  refraction  and  of  ac- 
commodation mixed  up  and  confounded  with  diminution  of  acuteness  of  vision, 
while  theories  respecting  the  intiuence  of  the  external  muscles  of  the  eye 
upon  accommodation  were  made  the  basis  of  the  explanation  of  what  was 
observed,  or  even  determined  the  observation.    It  is  evident  that  a  squinting 
hypermetropic  eye,  which  moreover  usually  suffers  from  diminished  acute> 
neit  of  virion,  amblyopia,  ean  distingnish  an  ordinary  type  only  when  near, 
although  even  then  with  dii&ealty, — better  at  least  than  the  same  type  at  a 
gisater  distance.  Meanwhile,  this  eondition  was  almost  nniversally  oon- 
sidered  to  be  myopia,  and  Bandens  even  calls  a  ohild  extremely  neanighted 
because  it  could  distingnish  objects  only  with  strongly  convex  glasses.  Lndwig 
Bohm  {Das  Sekiden  und  der  SehnentehniU  in  eeinen  Wtrkangen  auf 
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SieUunff  vmd  SMr^ft  dmr  Augen,  Berlin,  1845),m  tsimpicgadioeddlMerm 
proTedf  that  in  ttrabiimni  the  Tuion  of  star  was  better  than  that  of 
distant  otjjeoti  (therefore  M  t),  and  that  nererthelees  the  patient  ooold,  with 

convex  glasses,  read  at  a  greater  distance  (therefore  presbyopia  ?)- 
Thus  he  saw  himself  brought  into  a  difficult  dilemma,  from  which  he  knew 
not  how  to  escape.  Evidently  he  did  not  consider,  that  even  without 
aocoramodation  for  near  objects,  letters  of  definite  magnitude,  especiallj 
when  amblyopia  exists,  are  more  easily  recognised  near  the  eye,  than  at  a 
greater  distance,  simply  because  tlie  retinal  images  are  larger,  and  that 
convex  glasses,  by  improving  the  images,  make  it  possible  under  those  cir- 
cumstances, to  distinguish  at  a  greater  distance.  But  beyond  this  we  seek  in 
Tain  Ibr  any  proof  from  him,  whenot  it  might  filUow,  that  in  any  oaee  he 
had  Mtia&etorily  proyed  the  ezistenoe  of  hypermetropia.  Indeed  he  alwaja 
tnTeetigated  only,  with  what  oonvez  glaiees  a  dietinet  type  of  medinm 
magnitnde  was  beet  leoogniied,  and  nowhere  is  it  stated,  that  this  distanee 
was  grsater  than  the  Iboal  distanoe  of  the  glasses  employed. 

Among  the  oases  of  strabismus  communicated  by  Bitterioh  {Daa  Schielen 
und  uim  Heihmg,  p.  73,  Leipzig,  1843),  we  find  one  recorded  in  which 
the  existence  of  H  was  demonstrated.  **  With  a  convex  glass  of  No.  24," 
we  read,  "he  saw  (the  subject  was  a  boy  of  eleven  years)  both  near  and 
distant  objects  hrffrr."  However,  this  condition  was  not  more  accurately 
drtermined  or  appreciated,  nor  was  the  case  further  observed.  A  similar 
case,  di'Hi  ribed  by  Fronmiiller  [BeobachUuujcn  auf  dem  Gebiete  der  Augen- 
heilkundet  p.  54,  Fiirth,  1850),  in  which  it  is  expressly  stated,  that  "  in  order 
to  be  able  to  see  well  at  a  distanoe,**  the  patient,  who  was  tweu  ty-two  years  of 
age,  and  was  aflbeted  with  strabismns,  was  obliged  to  make  nse  of  a  strong 
eonvex  glass  No.  8 ;  this  ease^  I  say,  was  in  sobm  ineomprehensiMe  manner 
oonfonnded  with  themyopia  at  a  distanoe  of  Eerst,  whioh  is  nothing  else  than 
a  slight  degiee  of  myopia. 

In  order  to  ascertain  whether  earlier  writers  had  any  idea  of  H,  we  had 
to  searoh  under  the  heading  of  presbyopia.  Now  in  the  works  of  many  we 
find  it  stated,  that  some  people  early  require  convex  glasses  for  reading  and 
writing,  and  occasionally  even  very  strong  ones.  Thus  we  read  in  Mac- 
kenzie {A  Treatise  on  the  Diseases  of  the  Eijo,  p.  728.  I^ndon,  1830)  *'  Young 
men  uf  twenty  years  sometimes  cannot  see  to  read  or  write  without  convex 
glasses  of  six  or  eight  inches  focus,  while  persons  of  eighty  years  and 
upwards  are  oooaslonally  met  with  who  are  idile  to  read  OTen  a  small  print 

without  assistanee  These,  and  similar  diflforenoes,  depend 

uptm  th»  origmal  firmaUim  of  lAe  «y«t,  how  they  haTe  been  need,  and  the 
general  health  and  oonstitntion  of  the  indiYidnaL"  Thns  Smee  (Tk§ 
m  MtaUh  andm  Dumm,  p.  33.  London,  1854)  also  says:  "Although  ht 
sight  occurs  most  commonly  as  a  disease,  yet  I  have  been  occasionally  oon- 
sidted  by  patients  who  have  snfiered  from  this  abnormal  state  as  a  result  of 
congenital  defect.  The  patient  in  this  case  prefers  to  sit  before  a  window 
with  the  light  falling:  directly  upon  the  pupil,  so  that  by  its  contraction  to 
a  pin's  point,  only  the  central  rays  infringe  upon  the  retina,  and  thus  fair 
vision  may  be  obtained.  Congenital  farsight  may  exist  with  most  perfect  power 
of  adjustment. "  These  last  words  are  of  great  importance.  When  the  power 
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of  aooommodation  is  perfect,  and  nevertheless  near  objects  cannot  be  seen, 
'tlie  oondition  can  be  none  other  than  H.  He  adds  :  "  the  disease  may  be 
dttemiiiied  with  great  weaxmof,  Ingtaiitly,  by  the  optometer."  But  from 
tihe  tables,  whiok  the  nsalta  of  optometrio  ohserrationa  obtained  by 
ealonlation  are  ooUeoted,  it  does  not  appear  that  Smee  waa  aotaally  aware 
of  the  exiatenoe  of  H. 

Thus  no  progress  was  as  yet  made  beyond  the  point  attained  by  Ware. 
He  who  knows  by  experience  how  commonly  H  oooors,  how  necessary  a 
Icnowledge  of  it  is  to  the  correct  diagnosis  of  the  various  defects  of  the  eye, 
and  how  deeply  it  affects  the  whole  treatment  of  the  oculist,  will  come  to 
the  sad  conviction  that  an  incredible  number  of  patients  have  been  tor- 
mented with  all  sorts  of  remedies,  and  have  been  given  over  to  pninful 
anxiety,  who  would  have  found  immediate  relief  and  deliverance  in  suitable 
apectaoles.    We  may  therefore  look  upon  it  as  truly  fortunate,  that  many 
had  raooone  aimply  to  ordinary  empirics,  80>called  opticians,  who  endea- 
our  to  give  men  thoie  spectaolea  whioh  render  their  Tinon  peiaiatently 
•aaier.    flUhel*a  Uonentation  over  the  number  of  patlenta  who  had  got 
oonTOZ  ipeetaolea  for  diatani  Tinon,  aatiafaetOEily  proTOe  that  the  optieiana 
knew  Tery  well,  that  in  some  eyes  distant  vision  ia  improved  by  convex 
glawei    And  still  every  day  almost  the  same  thing  occurs.   But  what  ia 
more,  some  of  these  opticians  had  more  or  less  correct  notions  of  hyperme- 
tropia.    Thus  we  find,  so  early  as  in  1842,  concealed  under  a  chaos  of 
confused  ideas,  a  condition  separately  described  and  characterised  by  Mr. 
J.  A.  Hess  {'nieorvtisch  en  praktisch  handbook  der  mechnnische  (xKjhccl- 
kunde,  p.  216,  Zierikzee,  1842)  under  the  name  of  presmyopia  (sic!), 
of  which  he  says :   "  the   only   certainty   consists  in  this,  that  the 
vision  of  these  eyes  at  all  distances  is  improved  by  the  addition  of 
n  wnmK  ghue,"  and  thni  H  ia  e^ently  defined.  Ur.  Heia  atated  that 
thia  oondition  ooonra  in  different  degreei^  that  the  power  of  aecommodation 
(by  him  called  eztenaibility  and  impreenbility)  may  at  the  eamo  time  exiat, 
and  thought  that  in  these  eyes  the  lens  is  either  wholly  absent  or  must  be 
partially  degenerated,  and  that  there  ia  mnoh  hope  of  oniing  alight  degreea 
of  the  alTection. 

At  length  in  1853,  we  find  hypermetropia,  for  the  first  time,  described  in 
a  scientific  manual  (Ruete.  Lehrhuch  der  Ophth(iIiiudo(j{t'  fur  Aerztc  und 
Studirendi',  Bd.  i.  p.  234,  Braunschweig)  in  the  following  words,  under  the 
name  of  oi  ersujhtedness  ( Ui  bersichtigkeit) :  "  Oversighteduess  is  the  con- 
dition in  which,  on  account  of  a  peculiar,  and  as  yet  not  sufliciently  inves- 
tigated, construction  of  the  refracting  media  of  the  eye,  neither  near 
nor  distant  objects  are  diitlnetly  leen.  The  eye  appeara  in  it  to 
snifer  from  a  total  want  of  aooommodating  power,  and  to  poiioea  bnt  a 
▼eiy  slight  refraotive  power.  Thia  defeot  of  eight  ia  in  general  oongenital, 
or  ia  at  leaat  developed  in  very  early  yonth.  Vision  ia  eonsideiably  im- 
pfoved  by  the  use  of  convex  spectacles,  whose  focal  distance  must,  however* 
vary  according  to  the  diatanoe  of  the  objects,  so  that  those  enffining  from 
thia  defect  are  able  even  to  read."  The  description  still  leaves  much  to  be 
desired;  the  state  is  not  accurately  cluiraoterised ;  moreover,  it  is  incor- 
reotly  supposed,  that  the  power  of  accommodation  is  in  these  eyes  almost 
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wliolly  wantaBg.  B«t  ttill  In  theie  hw  nwdi  Bm  the  gem  el  forttflr 
iiiTaetigatioii,  end  we  tbos  tee  bete  alae,  m  in  many  other  pointa  laephtiuA- 
mology,  tbe  impnlie  given  by  Rnete  to  our  knowledge. 

Twoyeara  later,  namely  on  the  IStii  of  April,  1855,  Dr.  ^1  SteUwag 
Ton  Carion  laid  before  the  Imperial  Aoademy  of  Sdeneea  at  ^HeiuiA,  a 
detailed  essay  entitled  :  die  AccommodationAfehler  des  Auges.  (St'tztiuijy- 
berichte  der  Kaist  rlU  hen  Akademie  der  Wiast  ttschafleny  MathematUch- 
naiurwiuemcKafUiche  Classe,  Bd.  xvi.  pp.  187-281.)  In  it  we  find  a 
eorreet  definition  in  the  following  words:  "the  optical  essence  of  over- 
sightedness  lies  in  this,  tlmt  the  focal  range  of  the  dioptric  apparatus  in 
perfect  rest  of  the  accommodating  muscle  is  greater,  than  the  distance  of 
the  layer  of  rods  and  hulbs  from  the  optical  centre  of  the  refracting  media.'' 
bteilwag  too  has  the  merit  of  having  satisfactorily  indicated  the  method  of 
determining  r  in  cases  of  H.  Slight  degrees  of  H  he  appears,  however, 
aoaroely  to  have  reoognieed,  tbe  latent  not  at  all  (eompare  de  Haaay  he,  di,) ; 
and  on  the  whole,  as  the  very  name  of  hyperpresbyopia  naed  by  him  ahowa, 
he  baa  not  itrietly  enough  diatingiiiBbed  hypermetropia  from  presbyopia. 

Only  a  Uiw  months  after  Stellwag  Ton  Ciaion  had  brought  forward  bis 
investigationa  em  defisets  of  acoommodation  of  the  ^fe,  we  find  in  the 
Archiv  fur  Ophihalmologie  (Bd.  ii.,  Abth.  i.  pp.  158-186)  a  paper  by  von 
Graefe,  under  the  title  of  "  Ueber  Myopia  in  «>ia*yn7,  nebst  Betrachtungen 
iiber  das  Sehen  jenseits  der  Grenzen  unscrer  Acoommodation,"  in  which 
occurs  a  masterly  description  of  the  highest  degrees  of  hypermetropia. 
Stellwag  von  Carion  had  observed,  that  *'  the  oversighted  person,''  in  order 
to  recognise  an  object,  brings  it  very  close  to  the  eye,  and  singularly  enough, 
he  seems  to  imagine  (compare  p.  269)  that  it  then  appears  more  illuminated. 
Von  Graefe  has  remarked  the  same,  but  has  also,  in  jiart  at  least,  indicated 
the  cause,  by  proving  mathematically,  that  in  tliu  hypermetropic  eye,  on 
approaching  the  objects,  the  angle  under  which  they  appear  inereaaee  more 
rapidly  than  the  oiroles  of  diffbaion,  and  by  imitating  tiie  eflfoet  on  the  eye 
made  hypermetropio  by  negative  glasses.  He  shows  ftirtber,  that  this 
hypermetxopio  eye  is  dearly  distinguishable  in  struetuie  from  tiie  myepie 
eye,  by  the  flatness  of  its  anterior  ehamber  and  by  the  narrownsaa  of  the 
pupil ;  but  he  has  not,  any  more  than  Stellwag  von  Garion,  fMroperly  recog- 
nised and  appreciated  the  slight  and  moderate  degrees  of  hypermetropia. 

In  my  first  communication  {Nederhndsch  Tijdschriff  voor  Gaieeskunde^ 
Jaarg,  1858,  pp.  465-476.  Arohiv  fiir  Ophthahnolof/te,  Bd.  iv.,  Abth.  i., 
pp.  301-340),  and  likewise  in  the  diss(  rtation  by  MacGillavry(  0/}</^rzo<  A iw/zcfj 
oitr  de  hot  (/root  fit  id  der  accoiiunoddd'e,  Utrecht,  1858),  soon  after  written 
under  my  superintendence,  tlie  condition  under  consideration  was  indeed 
accurately  dititingui>hLd  from  presbyopia,  but  the  division  into  anomalies 
of  refraction  and  of  accommodation,  and  the  opposition  of  myopia  and  hyper- 
metropia, were  not  yet  apparent.  It  was  at  die  meeting  held  at  Heidelbeig 
in  IBSB,  that  1  first  showed,  among  other  things,  that  presbyopia  and  the 
so-oslled  hyperpresbyopia  are,  both  in  essence  and  in  symptoma  wholly 
different  conditions,  that  the  latter  alone  is  opposed  to  M,  that  an  eye  may 
be  even  very  hyperpresbyopio  without  being  in  tbe  least  ai&oted  with  pras- 
byopia,  ete.  I  argued  that,  oonsequently,  the  name  of  hyperpreabycpia  mutt 
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be  set  aside,  and  Helmholtz,  who  was  at  the  meeting,  immediately  proposed 
the  term  hyperopia.  This  coincided  with  the  word  •*  oversightedness"  ( Vvher- 
aichiigkeit)  first  iised  by  Ruete,  and  quickly  found  acceptance  with  some. 
On  more  fully  working  out  my  system,  I  thought,  however,  that  the  term 
hypermetropia  would  be  more  in  acoordauce  with  the  nomenclature  I  had 
already  employed  in  the  words  ametropia  and  emmetropia,  and  this  name 
luui  riliMtliftt  time  been  most  generally  adopted. 

My  inveitigmtioiiB  leepeetiiig  H  eve  to  be  found  in  Ameiropie  m  hare 
geveigm,  Utreeht,  1860,  end  in  the  Arehw  fir  Oph!tkaimohgU,  Bd.  t!., 
Abtli.  L,  pp.  62-106^  Abtb.  3i»  pp.  210-243. 

Sixiee  I  publisbed  my  xeaeeiobes,  different  writers  have  treeted  of  the 
anomalies  of  refraction;  among  others  Hasner  {KUnische  Vortrage  uber 
Aiigenheilkunde^  Prag*  I860);  Oiraad-Teulon  {Physwloffie  et  pathologm 
/ometionnelle  de  la  vuion  binoculairef  Paris,  1861);  Happe  {Die  Bestim- 
mungen  des  Sehbereichs  und  dessen  Correction^  Braunschweig,  18G0),  and 
Soelberg  Wells  {On  long,  short,  and  icvak  Sight,  and   their  Treatment. 
London,  1862).    Our  knowledge  of  H  has  not,  however,  been  increased  by 
these  works.  That  of  Professor  von  Jaeger,  Junr.  ( I'eber  die  Einstellungen  des 
diojftrischen  Apparates  im  menschlichen  Auge,  Wien,  1861)  has  also  been 
fruitless  in  this  respect.    Bat  the  last-named  writer  has  the  merit  of  having 
been  the  first  to  make  en  attempt  to  tnee  theelmngee  of  the  refreotive  con- 
ditton  of  the  eyes  in  the  nonnel  defelopment  of  childhood.  I  think  thet  lees 
importenee  ie  to  be  etteehed  in  this  leapeot  to  hie  meesoremente  of  the  eye- 
ball and  of  the  eryetalline  lene  after  death*  than  to  hie  derminations  of  the 
lefraetiTe  eoadition  of  the  eyes  at  diffsient  periods  of  life  with  the  aid  of 
the  ophthalmoaeope,  especially  when  previously  to  the  investigation  he  para- 
lysed the  accommodative  system  with  atropia.   Yon  Jaeger,  following  the 
example  of  Helmholtz  {Beschreibung  eines  Attgtn-Spiegeh  zur  Vntersuchung 
der  Netzhaid  im  lebenden  Auge,  p.  .'38,  Berlin,  1851),  early  recommended 
the  ophthalmoscope  for  the  determination  of  the  refraction  of  the  eye  {Oester- 
reichische  Zeitschri/t  fiir  praktische  Jleilkunde,  No.  10,  Marz,  1856),  and  he 
has  undoubtedly  acquired  great  ex pertness  in  the  use  of  this  method.  His 
observations  extend  over  more  than  1600  eyes.    The  numbers  noted  by  him 
are  the  following  : — Of  100  eyes  of 


Infants,  from  9  to  16  days  old,  are . 

Children,  from  an  infant-school,  of  between  2  and 

6  years  of  age  ..... 
Boys,  in  the  oountry,  between  6  and  1 1  yeare  eld . 
Gins,  in  the  oonntey,  between  5  and  11  yease  of 

age  ...... 

Boys,  in  an  orphan  bouse,  between  7  and  14 

years 

Pupils,  from  a  boaiding-sohool,  of  from  9  to  16 
years  ...... 

SohUere  (Italian),  from  20  to  26  jeare 


trojtle 

Myopic 

17 

5 

73 

8 

90 

62 

It 

46 

43 

10 

34 

66 

12 

33 

55 

2 

18 

80 

1 

57 

42 

in  von  Jaeger's  table  the  degrees  of  ametropia  are  also  stated. 
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§  26.  DiOFruc  Detbehihation,  Diagnosis,  Dkobbes,  Oocue- 

BBNCll,  HSRBDITABIKESS,  DEVELOPMENT  WITH  AdYANCINO  AoS. 

Myopia  we  have  already  considered  as  the  condition  opposed  to 
H.  In  the  latter,  the  focus  of  the  dioptric  system  lies  behLid,  in 
on  the  contrary,  it  lies  in  front  of  the  retina;  in  other  wofda 


Fig.  124. 


parallel  rays  (Fig.  124,  a  a,  6  b),  derived  from  infinitely  remote 
objects,  unite  in  the  myopic  eye  in  front  of  the  retina  in  f%  and  each 
infinitely  remote  point  therefore  fonns  upon  the  retina  a  circle  of 
diffusion,  {a  of  rays^  which  have  already  intersected.  Hence  it 
follows,  that,  in  order  to  unite  upon  the  retina  m  fj  rays  must  proceed 
from  a  point  r  situated  at  a  finite  distance,  and  must  therefore  fall 
diverging  upon  the  cornea  (see  the  dotted  lines). 

The  above  is  true  of  the  eve  in  a  state  of  rest.  By  tension  of 
accommodation  the  emmetropic  eye,  and  usually  even  the  hyperme- 
tropic, can  bring  its  focus  for  parallel  rays  in  front  of  the  retina; 
but  it  does  not  therefore  become  myopic.  Even  when  by  spasm  of 
accommodation  the  focos  comes  to  he  before  the  retinsy  and  lelsxa- 
tion  to  E  is  not  possible,  the  eye  csnnot  be  ssid  to  be  myopic.  M 
depends,  just  like  H,  on  the  sfanctnre  of  the  eye,  irrespectivebjr  of 
accommodation,  or  rather  with  actual  relaxation. 

Tn  general  M  is  easily  recognised.  The  rule  is,  that  near  objects 
are  accurately  seen,  while  at  a  distance  vision  is,  on  the  contrarv, 
diffuse.    So  soon  as  letters  of  double  maguitude  are  not  recogoised 
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s^t  double  tlie  distance,  we  are,  in  general,  justified  in  assuming  the 
ex.istencc  of  M.  The  criterion  consists  further  in  this,  tliat  with  con- 
cave glasses  distant  vision  becomes  more  acute.  However,  this  is  not 
1:xxie  of  all  concave  glaaaes.  In  slight  degrees  of     vision  is  even  worse 
with  strong  concave  glasses  than  without  glasses,  and  in  the  highest 
^egnes  of  M,  the  eflpect  of  weak  concave  glasses  is  scarcdj  percepti* 
l>le.   The  qnestion  is^  therefore^  with  what  glasses  must  we  in  a 
particular  case  commence  the  investigation,  in  order  to  satisfy  our- 
selves of  the  existence  of  M ;  and  this  is  answered  by  the  first  trials 
of  the  sight.    From  these  trials  we  leani,  namely,  what  is  about  the 
distance  II  of  the  farthest  point  of  distinct  vision.   Almost  always  the 
myopic  presents  himself  before  us  with  the  statement,  that  he  can  see 
near  objects  well,  while  he  with  difficulty  distinguishes  at  a  distance, 
and  if  we  then  place  in  his  hand  a  book  with  small  type,  for  example 
I  or  II  of  SndWa  Tests,  the  distance  which  he  chooses  itself 
indicates  ahout  the  farthest  point.  We  now,  however,  make  him 
remove  the  hook  farther  off,  until  he  reads  less  easQy  and  sees  even 
somewhat  larger  letters  less  acutely,  and  we  estimate  the  distance 
at  which  this  diminution  of  acuteness  com  mences.    If  this  he  6*,  we 

try  at  first  glasses  of  —  J  ;  if  it  is  10',  glasses  of  —  &c.  Al- 
most iuvariablv  vision  at  a  distance  is  now  better :  of  the  table  with 
CC  to  XX  or  less,  letters  will  be  recognised  at  a  distance,  which 
without  spectacles  are  not  distinguished,  and  the  existence  of  M  is 
thus  proved.   The  matter  is  simple :  at  6',  at  10',  vision  is  distinct ; 

and  by  glasses  of  —  ^,  of —      the  parallel  rays  derived  from  remote 

objects  acquire  a  direction,  as  if  they  had  proceeded  from  a  point 

situated  at  6',  or  at  10'  from  the  glass  (compare  p.  32),  and  dis- 
tinguishing at  a  great  distance  has  thus  become  possible. 

AVe  now  investigate  immiHliatcly  and  more  accurately  the  degree 
of  M ;  in  other  words,  we  clctcmiinc  R,  the  distance  from  r  to  Ic. 
This  is  found  by  trying,  what  the  weakest  negative  fflass  is,  with 
which  vision  is  as  acute  as  possible.  In  order  quickly  to  attain  this 
object,  we  place  the  glasses  supposed  to  be  snitable  in  a  frame,  cause 
the  patient  to  look  through  tiiem  at  the  table  ahready  mentioned, 
and  now  hold,  while  we  raise  the  frame  somewhat  witii  the  fingers, 
glasses  before  the  eye,  which  are  somewhat  weaker,  and  ask  whether 
with  them  vision  is  as  good  or  even  better :  if  he  answers  yes,  we 
then  place  these  in  the  frame,  and  compare  them,  in  like  manner,  again 
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with  somewhat  weaker  glasses,  repeating  the  trial  until  we 

for  answer,  th;it  vision  is  not  so  acute  with  the  glasses  last  tried. 
But  we  should  even  still  try  yet  weaker  glasses,  and  not  be  satisfied 
until  we  are  told  that  vision  is  with  them  much  less  acute  :  expe- 
rience has  in  fact  taught  me,  that  we  cannot  be  too  caaUoua ;  for 
with  good  aooommodation  the  action  of  too  strong  glasses  is  easOj 
enough  overoomef  and  since  with  ali^t  diffiezenoea  in  strength  the 
sight  lemains  nearly  the  same^  this  equality  may  lead  to  its  being 

said  that  the  vision  is  less  accurate.   Thus  I  have  with  M  s  ^ 

seen  —  ^preferred to — ^or —  ^,  although  —  ~  finally  proved 

to  be  sufficient. — Not  unfrequently,  however,  the  glasses  first  tried 
are  too  weak,  in  which  case,  on  comparison,  the  weaker  are  immediately 
rejected.  Thia  we  find  to  occur  especially  with  older  myope^  wIki 
prefer  reading  at  a  comparatively  great  distance;  idiile  vny  Joqh^ 
and  still  in  the  possession  of  a  great  power  of  aocommodatioiiy  they 
readily  bring  the  object  within  the  distance  of  their  fiiithest  point, 
and  so,  on  the  first  trial,  they  cause  a  higher  degree  of  M  to  be 
suspected.  Tf  we  have  now  found  that,  in  order  to  attain  the  greater 
acuteness  of  vision,  a  stronger  glass  is  necessary,  we  go  on  until  further 
strengthening  no  longer  produces  an  improvement,  and  we  then  try 
once  more,  whether  a  somewhat  weaker  glass  is  not  equally  satis- 
factory. Thus  the  object  is  at  length  attained. — We  have  already 
observed^  that  the  distance  at  which  the  glass  is  held  from  the 
eye,  has  an  influence  upon  its  action.  While  a  convex  glass,  by 
removal  from  the  eye,  acts  more  and  more  strongly,  the  reverse 
obtains  with  regard  to  concave  glasses.  The  thing  is  plain :  parallel 
rays,  refracted  by  a  concave  glass,  appear  to  proceed  from  a  point 
placed  as  far  /je/ore  the  glass,  as  the  focal  distance  amounts  to,  and 
that  point  lies  still  so  much  farther  from  the  eye,  as  the  distance 

between  the  eye  and  the  glass.  Thus  a  glass  of  —  L  held  an  inch 
farther  from  the  eye,  is  equal  to  a  glass  of — ^,  but  with  this  difer- 

ence,  that  the  images  are  smaller :  therefore  —  \  ^  ^ 

closer  to  the  eye,  is  chosen.  Now,  of  the  influence  of  distance  on  the 
action  of  glasses,  we  may  often  advantageously  make  use,  in  order 
to  see  quickly  whether  the  glass  tried  is  too  strong  or  too  weak.  If 
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it  is  too  stronGr,  removing  it  a  little  is  no  disadvantage ;  if  it  is  too 
weak,  the  patient  will  hold  it  rather  directly  to  the  eye.  However  we 
must  not  be  too  sure  on  tliis  point.  Thus,  the  mjope  who  has  a 
good  accommodatmg  power^  will  hold  even  a  too  strong  glass  bj  prefer- 
ence dose  to  the  eje,  because  the  xetinal  images  aie  thus  rendered 
laiger.  Therefore  when  vision  is  eqnaUj  good  or  e?en  better  on  the 
removal  of  the  glass,  we  may  infer  that  the  latter  is  too  strongs  not 
vice  vend.  In  any  esse  we  should  never  be  satisfied,  until  we 
have  determined  what  is  the  weakest  t^lass  which,  held  close  before 
the  eye,  is  quite  suflicient.  By  this  the  degree  of  M,  and  at  the 
same  time  the  acuteness  of  vision  are  known  (compare  p.  97). — 
The  investigation  may  in  general  be  undertaken  with  both  eyes  at 
the  same  time :  almost  invariably  the  M  is  sufficiently  nearly  eqnal 
ia  the  two  eyes,  and  what  has  been  found  for  both  eyes,  may  in  a 
moment  be  tested  for  each  eye  separately.  But  if  we  have  reason  to 
suspect,  hpriori,  inequality  of  the  M  in  the  two  eyes,  or  if  we  obtain 
confused  answers  to  the  first  tests  of  vision,  we  may  first  try  the  one 
eye  and  afterwards  compare  the  other.  We  shonld  always  begin 
with  the  eye  which  the  patient  liimself  calls  the  best,  the  other 
should  be  gently  closed  with  the  hand.* 

Many  will  possibly  find  the  above  directions  tedious  and  too 
minute.  And  yet  they  are  in  many  respects  incomplete;  so  that,  at 
the  risk  of  incurring  the  displeasure  of  my  readers^  I  wiU  take  leave 
to  point  out  some  additional  sources  of  error.  Let  it  be  borne  in 
mind  that  an  incorrect  determination  of  the  degree  of  M  may  highly 
cudanger  the  eyes. 

In  (he  first  place  some  thmhy  althovgh  tlirj/  are  not  ncars'ujhfed^ 
thai  they  see  il'iatant  ohjeds  more  accKratcfi/  irith  concave  glasses: 
the  smaller  dimensions  of  letters  and  of  other  forms  appear  to 
them  so  flattering  and  agreeable,  that  they  feel  bound  to  boast  of 
their  distinctness.  Therefore  we  should  never  be  content  with  the 

*  Ton  Gnefe  has  lately  (see  De%aaeh€  KiMk,  1863,  p.  10)  had  an 
optioal  instmmeat  made,  which,  by  a  sunple  meohaidsm,  etn  be  so  modified 
in  its  sotioii  as  to  nprese&t  leases  of  very  diffEtrent  fooal  distances.  It  may 
Bow.lield  before  the  eye,  he  so  arranged  that  tho  ametropia  is  precisely 
eotreoted,  and  thus  tbo  tedious  determination  with  different  glasses  may 
be  dispensed  with.  Von  Graefe  praises  it  very  much.  I  am  sorry  that  I 
have  not  yet  been  able  to  try  it  It  appears  to  me  that  the  influence  on  the 
magnitude  of  the  images  ranst  give  rise  to  some  disturbance  in  tlic  deter- 
nuaation*   In  using  this  instnuaent,  eaoh  eye  is  separately  investigated. 
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declaration:  "  I  see  better;"  but  we  should  satisfy  ourselves  of  ita 
correctoeasy  by  makiug  the  patient  name  the  letters. 

1%  itme  eases  objects  are  really  better  distinguished  by  u^ng  M»- 
eane  glaseee,  altkaugk  ike  ege  ie  free  fnm  M.  We  meet  with  thit 
espedallj  in  mistj  opacities  of  the  oomea,  when  the  narrower  pnpilt 
which  is  the  resolt  of  the  tension  of  acoommodatbn  made  neoeBsaxy 
by  the  concave  glass,  diminiahea  the  diffoaed  light.  Particularlj 
when  the  turbidity  is  local,  and  is  so  situated  that  it  disturbs  direct 
vision  only  when  the  pupil  is  dilated,  constricting  the  pupil  by  using 
a  concave  glass,  produces  a  very  considerable  improvement  of  the 
power  of  vision.  It  need  not  be  said  that  the  existence  of  a  suiHcieut 
range  of  accommodation  is  here  the  tine  qua  nam  for  obtaining  im- 
provement by  means  of  negative  glasses. — Further,  one  should  beware 
of  mistaking  spasm  of  the  ciliary  muscle,  with  which  the  accommoda- 
tion cannot  be  rekxed  to  although  the  vision  of  distant  objecia  is 
improved  by  negative  glasses^  for  M.  In  speaking  of  the  disturiMoioea 
of  accommodation,  I  shall  revert  to  this  snhject.  Here  it  may  suffice 
to  state,  that  the  sudden  occurrence  of  the  disturbance,  in  connexion 
with  ollu  r  ])henomcna  (especially  myosis),  will  lead  us  to  suspect  the 
existence  of  s})asm,  which  is  easily  tested  by  paralysis  by  atropia. 
AVe  shall  further  see,  in  tlie  disturbances  proceeding  from  high 
degrees  of  M,  that  a  certain  measure  of  spasm  is  not  unfrequently 
combined  therewith,  and  makes  the  degree  of  M  be  too  highly 
estimated. 

On  the  other  hand,  ae^uaUg  exieting  Mienei  alwage  mdieaied  am 
ordinarg  inwiHgatian.  This  depends  upon  different  causes.  In  the 
first  place,  diminished  S  is  to  be  noted.   If,  as  we  have  already  seen 

(p.  254),  without  the  presence  of  II,  a  convex  glass  is  sometimes 
chosen  for  distance,  because  the  advantage  of  magnil'ving  the  images 
may  counterbalance  the  disadvantage  of  diminished  acuteness,  a 
concave  glass,  which  diminishes  the  size  and  adds  little  to  the  dis- 
tinctness, will,  under  similar  circumstances,  where  M  exists^  be 
rejected.  Always  too,  in  the  highest  degrees  of  M,  a  too  weak  glass 
is  preferred  above  a  completely  compensating  one,  and  often  vision  is 
better  with  it :  the  cause  of  this  ties  partly  in  the  diminished  8, 
partly  in  the  fact»  that  the  circles  of  diffusion  prove  particnlariy 
small  in  relation  to  the  degree  of  the  M  still  remaining  with  imper- 
fect correction  (compare  the  vision  of  myopes). — In  the  second 
place,  a  smaller  pupil  is  to  be  noted.  The  smaller  the  latter  is,  the 
less  disturbance  do  the  circles  of  difTusion  cause  in  imperfect  accom- 
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modatiou;  and  thus  it  is  explained  why,  with  incomplete  atresia 
pupillae,  ¥rith  veiy  small  papilla  artificialis^  in  either  case  with  dimi- 
nuiied  my,  even  with  senile  constriction  of  the  pupil^  neutralising 
a  oertain  degne  of  M  in  general  yields  no  advantaget,  and  the 
neatraHsation  in  such  cases  may  therefore  the  moie  easily  esoqpe  ns. 
We  shonld  take  particolar  care  that  in  trying  the  glasses  the  qrdids 
be  not  squeezed  together,  as  myopes  are  accustomed  to  do^  and  the 
circles  of  diffusion  be  so  diminished. 

Next  to  the  examination  with  glasses  is  that  with  the  ophthalmo- 
scope. Of  this  we  have  already  spoken  in  general  (pp.  1 05  et  seq.) .  If  the 
pupil  be  wide^  the  investigator  can  detennine  high  degrees  of  M  in 
the  unreversed  image;  with  a  narrower  pupil  this  is  more  diffi* 
coltp  and  the  examination  in  the  inverted  image  answeis  better, 
althoogh  the  degree  of  M  is  not  by  it  to  be  delenmned  with  accniacy. 
The  ophthalmoscopic  investigation  yidds  essential  service  in  the 
determination  <tf  the  degree  of  myopia:  Y,  when  the  eye  is  blind, 
and  the  nature  of  the  morbid  process  may  be  connected  with  its 
structure.  (Hclmholtz*  determined  the  M  in  such  a  case;  it  has 
often  occurred  to  me  to  be  able  to  give  a  favourable  prognosis  for 
the  second  eye,  because  the  ophthalmoscope  showed  me,  that  the 
lost  eye  had  been  highly  myopic).  2%  when,  with  diminished  S,  the 
ophthalmoscope  is  first  used,  which  now  directly  gives  ns  tolerably 
aocniate  information  respecting  the  existing  ametropia  :t  at  the  first 

*  Btekrmbmtg  eme§  Auffmupiegelt,  Beriin*  1851,  p.  88. 
f  It  is  dflsiniUe  qritematiMlly  to  carry  oat  the  ophthahnoBSo^o  investi- 
gation for  eadh  eyo.  The  emmetropio  individual  thonld  oombine  with  his 

ophthalmoscope  a  glass  of      should  look  10^  or  15^  to  the  outside  of  the 

visual  axis  directed  on  a  given  point,  beginning  at  the  distance  of  10*,  and 
should  gradually  approach,  so  as  consecutively  to  see  the  cornea,  pupil,  lens, 
and  vitreous  humour  ;  he  should,  in  the  investigation  of  the  lens,  especially 
make  the  patient  look  for  a  moment  downwards  (where  the  opacity  usually 
begins) ;  in  the  examination  of  the  vitreons  humour  he  sliould  make  him  move 
.  the  eye  in  different  directions,  and  then  suddenly  stop  at  the  originally  fixed 
point  (so  as  to  see  floating  flakes) ;  he  should  again  remoTOi  in  order,  with 
tho  interpooitioiiof  aeonvex  lens,  to  look  into  the  invorted  iaiage ;  he  Bhoold 
then  begin  again  in  the  original  direetioa,  so  as  to  MO  the  entnmoe  of  thooptio 
nerve ;  labeeqaently  he  ihimld  make  him  move  dowly  in  difibfent  direetioiiB, 
and  shonld  look  frtnndiflinent  pouiti»  in  order  oonBeeatively  to  pass  thzoogh 
the  whole  fundus  oculi ;  above  all,  he  shonld  not  neglect  for  a  aiome&t  to 
make  him  fix  the  light  in  the  mirror  (in  order  to  judge  of  the  i^^fflila 
Intea);  and  finallyi  he  should  eiamine,  if  there  is  indiostion  for  it  or  if 

22 
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glance  into  the  eye  from  a  certain  distance  it  is  evident  in  stroiiii  M, 
that  the  inverted  image  stands  before  the  ejre ;  d%  when  we  wish  to 
determine  the  degree  of  M  in  indirect  vision,  or  to  establish  the 
existence  of  locally  exalted  M,  through  locallj  increased  st^bjlooa- 
tons  distention :  in  either  case  the  examination  with  ghwecs  hik 
4%  where  simnlated  or  concealed  M  is  sospected;  5%  in  duldRBy 
from  whom  oorreet  answers  are  not  to  he  expected. 

The  degree  of  M  is,  as  we  have  already  seen  (p.  91)^  expressed  ;ks 

E  is  the  distance  from  the  fiarthest  point  r  to  the  nodal  point 

Y 

in  the  eye,  sitoated  about  ^  behind  the  cornea.   The  position  of  r 

is  found  by  determining  the  glass,  which  nentrahses  the  M :  it  lies 
so  fiur  in  front  of  this  gbss  as  the  focal  distance  amounts  to.  I(  for 

example,  the  required  glass  is  =  —  j^,  r  lies  12>'  in  front  of  the 

glass,  and  if  the  glass  stands  ^  before  the  eje,  and  therelhie 

1'     1"  1 

^      4  ~  2      ^'^"^        ^  ^'  consequently 

K  is  =  12*5  and  M  8B 1 : 12*5  (compare  p.  32).  We  now  nnderstand 
distinctly,  that  the  distance  r  (that  from  the  i^ass  to  k*)  signifes 
little  when  the  glass  is  weak:  it  is,  in  fact,  neaily  indifieient^ 

1  1' 

whether  a  glass  of  —      standa  at  ^  moie  or  less  before  the  eje, 

111' 
by  which  it  changes  at  most  from — 30:5*^  —  31*  ^'^*'2  ^^^^^"^^ 

in  distance  acquires  much  importance,  when  strong  glasses  are  in 
qoestion ;  for  example,  glasses  of  —  \,  which  may  then  act  as  glasses 

4b 

of  ~     Therefore,  in  the  manner  above  pointed  out,  use  can 

be  made  for  strong  gksses  of  the  difference  in  distinctness  by  difai- 
ence  in  distance,  in  order  quickly  to  find  the  glass  required,  and 
therefore,  where  high  degrees  are  concerned,  in  the  deterinmation  of 

Btrong  magnifTiog  be  desired,  with  a  weak  objeot-lens  in  the  inverted  image 
and  with  the  requisite  glasaee  in  the  nnieyened,  or  employ  the  nethod  «f 
Liebfeidi  (Compare  p.  367). 
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the  M,  the  distance  required  for  the  lieutndisiug  glass  must  also  be 
accurately  taken  into  account.  In  order  that  it  may  appear  from 
the  note  made^  that  attestioa  has  been  paid  to  this  distance^  we  aie 
aoaustomed  to  add  it  sepaiately  after  a     and  to  vritei  for  eiample» 

M  =  8"^^'  which  signifies  that  a  glass  of  —  ^  at  |'  from  Ic  was 

necessary  to  nentraHse  the  M. 

The  strongest  concave  glasses  to  be  met  with  iu  spectacle  boxes^ 

are  of —  |.  With  these  we  can  at  most  neatndise  M  «s  1 : 2}. 
Now^  not  im&eqnently,  still  higher  degrees  of  M  occurs  and  in  order 

to  determine  these,  we  must  place  —  ^  as  spectacles  before  the  eye, 

and  examine  what  glass  must  in  addition  be  held  in  front  of  them, 
in  Odder  to  prodnoe  complete  nentnlisation.    Let  this  second 

l^aas  as  —     then  both  combined  give  — 4-  ^^s-*  1:1*2; 

and  to  this  we  have  still  to  add  the  distance  a:  from  the  strongest  glass 

to  k^^  so  that,  with  #  »  ^>  M  is,  in  the  case  snpposed  =  1 :  1*7. 

M  occurs  iu  the  most  diiferent  d^rees  from  E  to  M  = 

probaUy  stOl  higher.  The  highest  degrees  are,  however,  the  rarest. 
Por  many  thousand  eyes  of  myopic  patients  who  have  consulted  me, 
the  degree  of  M  has  been  noted.   The  foUowing  table  thence  caicn- 

lated  for  one  tliousaiul  eves,  gives  a  synoptical  view  of  the  relative 
occurrences  of  the  diii'ereui  degrees. 

•  If  great  aoooraoy  is  desbed,  we  amst,  la  Hm  oaleolatioii,  alio  take  into 
aoeouat  the  diatanoe  between  the  two  glaww,  and  leekout  for  example^  ~  i, 
plaoed  at  i'  before  —  |,  only  as  1 :  3|*  We  may  then  fiuther,  with  sniAoient 
preoiiion,  moasnie  the  diataaoe  to  V,  that  is  from  the  middle  of  the 
of  the  bioonoavo  ^am  —  i. 
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At  first,  to  begin  with  the  highe:^t 
degrees,  for  each  n  M  less,  the  num- 
ber  of  cases  increases.   That  the  in- 
crease subseqneiiilj  becomes  slower, 
and  finally  even  gives  place  to  dimi- 
natioiiy  depends  solelj  upon  tlie  bd 
tbat  oompsmtiTely  few  of  those  alfeetod 
with  the  slight  degrees  apply  to  the 
ocuHst.    Nevertlielcss,  I  have  endea- 
voured, in  connexion  with  other  ob- 
servations, approximativeli/  to  express 
the  relative  occurrence  of  E  and  of 
the  different  degrees  of  M  and  H, 
among  the  Dutch  population  in  geae- 
ral  (Fig.  125).    Along  the  figure 
are  given^  from  1 :  oo  ^  above,  the  de- 
grees of  M  to  M  =  1 :  1*8,  and  be- 
neath those  of  II  to  II  =  1  :  2|,  being 
the  highest  degrees  observed  bv  me. 
The  lengths  of  the  transverse  lines 
correspond  to  the  frequency  of  oocar- 
renoe  in  the  adjoining  degrees,  with 
this  exception^  howeWj  that  the  hues 

a  and  a'  next  to  ^  must  be  supposed 

to  be  ten  times  longer.  Since,  there- 
fore,  the  mutual  distance  of  the 

lines  represents  ^  the  length  (mnlti- 
piied  by  ten)  of  the  first  line  above  1 :  ao,  being  the  line  a,  repre- 
sents the  number  of  cases  from  E  to  M  =        the  (simple) 

length  of  the  second  line  the  number  of  cases  between  M  s=  ^ 

and  M  ss       the  length  of  the  third  line  the  cases  from 

M  =  ^  to  M  s=  etc. — Of  equal  degrees  of  the  oocor- 
rence  is  expressed  by  the  lines  following  under  1 :  oo  (a'  being  again 
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tskkea  as  tenfold) .  From  the  figoie  it  now  appeals,  tbat  in  the  dighteet 

Fig.  125. 

m 
m 

/.-^  I 


m 

f*9  f 

degrees  II  occurs  more  frequently  than     while  the  contrary  obtains 

in  the  higher  d^preea :  Mss^is  alieadj  more  frequent  than  H  » 

The  highest  degrees  of  both  are  so  rare^that  they  can  be  expressed 
only  by  a  point.  From  this  figure  it  is  very  dear^  that  the  emmetropic 
is  the  normal  eye.  If  we  bring  M  and  H  in  their  almost  impetoepti- 

hie  degrees  from  ^  to  E>  £  gives  1650  mm.  length  in  linesj  while 

aU  the  other  lines,  representing  U  and      amount  to  only  350 ;  and 
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these  are  reduced  to  200  agunvt  1800,  when  we  take  M  and  H  al 

^  under  the  E. 

On  the  distribution  of  position  in  societj  has  a  great  inflnwiw. 
It  is  lemarkablehow  mneh  in  the  legisteis  of  mj  private  paiinb 
(the  more  wealthy)  the  — in  those  of     hospital  patiently  en  tk 

contrary,  the  H  prt dominates.    To  be  correct,  I  must  say,  thsl 

amon!?  those  in  easv  circuinstances  not  much  less  H,  but  much  morp 
M  ocours.  Tliat,  moreover,  the  inhahitaiits  of  towns  suHer  niort-  fror. 
M  than  those  of  the  country  is  a  matter  of  general  observadoD. 
Ware*,  upwards  of  50  years  ago,  directed  his  attention  to  thii 
fact. 

"  I  have  inquired/'  he  says,  "  for  instance,  of  the  surgeons  <tf  the 
three  regiments  of  Poot-Guaids,  whidi  consist  of  nearly  1 0,000  men; 
and  the  result  has  been  that  myopia  among  the  privates  ia  almoil 

utterly  unknown.  Not  half-a-dozen  men  have  been  discharged,  nor 
have  a  dozen  recruits  been  rejected,  on  account  of  this  imperfection, 
in  the  space  of  nearly  20  years.'*  In  the  Military  School  at  Chel<<"a. 
among  1300  children,  710  complaint  was  made;  three  only  experienced 
some  inconvenieuce.  On  the  contrary,  in  the  colleges  of  Oxford 
and  Cambridge  a  considerable  proportion  of  myopes  was  met  witii, 
in  one  college  at  Oxford,  32  out  of  127.  In  all  writers  on  the  subycct 
we  find  the  same  thing  stated.t  I  must,  however,  remark,  that  in  the 
country  and  amongst  the  least  civilized  ranks,  even  the  highest  direct 
of  M  are  exceptionally  observed  in  particular  families^  and  I  will  here 
add,  that  even  among  sailors,  who  never  strain  their  eyes  in  looldug 
at  near  objects,  I  found  a  few  cases  of  progressive  M. 

Further,  I  believe  that  M  is  not  equally  prevalent  in  all  countries. 
It  is  certainly  more  specially  proper  to  cultivated  naUous.  ITamad} 
tells  us  that  among  the  Kabyles  no  myopes  occur,  and  among  the 
States  of  £urope  visited  by  me,  I,  both  in  general  life  and  in  the 
diniques,  nowhere  met  with  relatively  so  many  myopes  as  hi 
Germany.  It  would  be  of  great  importance;,  to  possess  aocunte 
statistics  of  the  ametropia  occuxring,  at  a  given  time,  in  a  particular 

*  Observations  relative  to  near  and  di$Umt  tigkU  of  difirmt  jmwtm 
Bead  before  the  Royal  Society,  1812. 

t  Conf.  Szokalski,  Prager  Vierteljahrschrift,  B.  xvii. ;  TOU  HaiBer>  .XKk 
Vortriige  ueher  Aufjcnhoilkumle.    Prag.  I860,  1,  p.  36. 

X  AnnalM  d' Oculi^lique^  T.  X.,  p.  145. 


Digitized  by  Google 


INFLUENCE  OF  SOCIAL  POSITION. 


34S 


category  of  men,  especially,  for  enmiplc^  among  the  stiideiita  of  a 
xaal-weailij,  in  cider  to  beable  to  oompare  them  with  the  xesnlts  of 
repeated  inveetigitioiis  at  eabeeqiient  periods.  If  it  were  thus 
found— and  I  can  scarcely  doubt  that  it  would  be  so, — that  the  M 

is  prc^ressive  in  cnltivated  society,  this  would  be  a  very  serions 
phenomenon,  and  we  should  earnestly  think  of  means  of  arresting  this 
progression.  Not  only  is  the  myope  not  in  a  condition  to  discharge 
all  civil  duties,  not  only  is  he  limited  in  the  choice  of  his  position  in 
society,  but  in  the  higher  degrees  M  leads  to  disturbance  of  the 
power  of  vision,  and  threatens  its  subject  with  incurable  blindness. 

The  distribution  of  M,  chiefly  in  the  cultivated  ranks,  points 
directly  to  its  principal  cause :  tension  of  the  eyes  for  near  objects, 
fiespecfcing  this  tact  there  can  be  no  donbt.   But  the  explanation 
of  it  is  not  so  evident.  In  tension  of  accommodation  for  near 
objects  the  crystalline  lens^  aa  we  are  aware^  becomes  more  convex : 
now  if  myopia  also  depended  on  greater  convexity  of  the  crystalline 
lens,  it  might  be  considered  as  the  permanent  result  of  a  frequently 
repeated  state,  and  the  M  would  thus  be  explained.    But  the  M  de- 
pends upon  a  prolongation  of  the  visual  axis,  and  this  is  not  altered 
in  accommodation  for  near  objects.    How  then  is  this  prolongation 
to  be  explained  ?   Three  factors  may  here  come  under  observation  : 
l"",  pressure  of  the  muscles  on  the  eyeball  in  strong  convergence  of 
the  visual  axes ;  2%  increased  pressure  of  the  fluids,  resulting  from 
accumulation  of  blood  in  the  eyes  in  the  stooping  position ;  3%  con- 
gestive processes  in  the  fundus  oculi,  which,  leading  to  softenings 
even  in  ^e  normal,  but  still  more  under  the  increased  pressure  of 
the  fluids  of  the  eye,  give  rise  to  extension  of  the  membranes.  That 
in  increased  pressure  the  extension  occurs  principally  at  the  posterior 
pole,  is  explained  by  the  want  of  support  from  the  muscles  of  the 
eye  at  that  part.  With  the  imperfect  elasticity  of  fibrous  membranes 
we  understand,  moreover,  that  of  each  in  itself  imperceptible  exten- 
sion above  the  normal  limits  a  minimum  each  time  remains.  Now 
in  connexion  with  the  causes  mentioned,  the  injurious  efl\?ct  of  fine 
wctk  isj  by  imperfect  illumination,  still  more  increased :  for  thus  it  is 
nndeied  necessary  that  the  work  be  brought  doaer  to  the  eyes,  and 
that  consequently  the  convergence  be  stronger,  and  the  tendency  to 
the  stooping  position  of  the  head,  particularly  inieading  and  writing, 
is  also  increased.  To  this  it  is  to  be  ascribed,  that  in  schools, 
especially  in  boarding-schools,  where,  by  bad  light  the  pupils 
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read  bad  print  in  the  evening,  or  write  with  pale  ink,  the  foundation  I 
of  M  is  mainly  laid,  which,  in  fact,  is  usually  developed  daring  | 
tiiesc  years.    On  the  oontmy^  in  watduDakera,  althoggh  they  sit  the  \ 
whole  day  with  a  magnifying-glass  in  one  eye,  we  observe  no  develop 
ment  of     nndoiibtedly  bewnse  thejr  fix  their  w<nk  onlj  with  one 
eye,  and  therefore  oon?eige  bat  litliej  and  because  thej  vmaaiDj  avoid 
a  Yeiy  stooping  position. 

name  causes^  which  give  rise  to     are  still  more  fitvooraUe  to 
its  further  development.  I  have  always,  with  great  care,  watched  the 
course  of  myopia.    I  attacli  to  it  a  special  importance.    The  well- 
known  fact  that  myopes,  with  little  light,  can  recognise  small  oh- 
jeets,  and  especially  the  circumstance  that  at  an  advanced  period  of 
life,  they  need  no  glasses  to  enable  them  to  see  near  objects, 
procured  almost  general  acceptance  for  the  prejudice,  that  near- 
sighted eyes  are  to  be  considered  as  particiilarly  strong.  Many 
medical  men  even  partictpate  in  this  enor.  But  the  oculist  has  only 
too  often  been  convinced  by  sad  experience^  of  Uie  contnoy.  I  hare 
no  hesitation  in  saying,  that  a  near-sighted  eye  is  not  a  sound  eye. 
In  it  there  exists  more  than  a  simple  anomaly  of  refiraetioii.  '£he 
optical  characteristic  of  myopia  may  consist  in  this,  the  anatomical 
is  a  prolongation  of  the  visual  axis,  and  the  latter  depends  upon 
morbid  extension  of  the  membranes.    If  this  extension  has  attained 
to  a  certain  degree,  the  membranes  are  so  attenuated,  and  the  re- 
sistance is  so  diminished,  that  the  extension  cannot  remain  stationary, 
the  less  so,  because  in  the  myopic  eye  the  pressure  of  the  fluids  k 
usually  increased.    In  this  prc^iessiye  extension  progressive  myopia 
is  indoded,  which  is  a  true  disease  of  the  eye. 

From  what  has  here  been  said,  it  will  easfly  be  undentood,  thst 
high  degrees  of  myopia  are  less  likely  to  remain  statkmaiy  than 
slight  degrees  are ;  at  a  more  advanced  time  of  life  they  even  con* 
tinue  to  be  developed,  with  increasing  atrophy  of  the  membranes. 
In  youth  almost  every  mvopia  is  progressive ;  the  increase  is  then 
often  combined  with  symptoms  of  irritation.  Tliis  is  the  critical 
period  for  the  myopic  eye  :  if  the  myopia  does  not  increase  too  much, 
it  may  become  stationary,  and  may  even  decrease  in  advanced  age ; 
if  it  is  developed  in  a  high  degree,  it  is  subsequently  difficult  to  set 
bounds  to  it*  At  tliis  period,  therefore,  the  above-mentioned  pro* 
moting  causes  should  be  especially  avoided.  On  this  point  I  cannot 
lay  sufficient  stress.   Every  progressive  myopia  is  threatening  with 
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Tespect  to  the  future.  If  it  continues  progressive,  tlie  eye  will  soon, 
iwith  troublesome  symptoms,  beeome  less  avail;il)le,  nnd  not  unfre- 
queiitly  at  the  age  of  50  or  60,  if  not  much  earlier,  the  power  of 
vision  is  irrevocably  lost,  whether  through  separation  of  the  retina 
from  the  choroid^  from  effusion  of  blood,  or  from  atrophy  and  de- 
generation of  the  yellow  spot.  In  a  subsequent  section  I  shall  have 
to  treat  of  these  sad  results  of  M. 

The  number  of  myopes  most  aocniately  examined  by  me^  amounts  to 
more  than  2500.  Each  time  the  degjcee  of  the  myopia  was  aocurately 
determhied  and  noted.  If  after  months  or  years  the  myope  consulted 
me  again,  the  determination  was  repeated.   I  thus  came  to  the  con- 
viction, that  almuL>t  always  the  myopia  is  somewhat  progressive,  that 
such  is  the  rule  between  the  15th  md  25th  vears,  and  that  the 
highest  degrees  often  exhibit  the  greatest  increase.    I  have  never  in 
the  periods  of  youth  or  manhood  proved  diminution  of  the  myopia, 
except  in  the  rare  cases  in  which  spnsm  of  the  accommodating  sys- 
tem had  temporarily  increased  it,  and  where,  therefore,  anomaly,  not 
simply  of  refraction,  but  also  of  accommodation  was  present.  £ven  at 
a  more  advanced  time  of  life  diminution  of  the  d^ree  of  the  myopia 
sddom  occurs.   Undoubtedly  in  tiie  near-sighted  eye  the  dioptric 
system  undergoes  the  same  clumge  as  in  the  normal  (compare  204) ; 
but  when  at  the  same  time  the  visual  axis  increases  in  length,  as  is 
very  usual  in  near-sighted  eyes,  this  change  is  wholly  or  partially 
compensated,  and  the  myopia  may  even  continue  progressive  at  an 
advanced  tinit;  of  life. — All  this  is  the  result  of  direct  experience, 
which,  however,  with  respect  to  the  same  persons,  extends  only  over 
some  few  years.    In  order,  therefore,  to  get  a  satisfactory  idea  of 
the  course  of  the  myopia  through  the  whole  of  life,  the  recorded  ex- 
perience of  many  patients  must  be  made  use  of.    I  have  attached 
espedal  importance  to  this  when,  by  the  production  of  such  spec- 
tades  as  were  formerly  found  sufficient  for  distant  vision,  their  report 
was  contened.   The  test  has  in  such  cases  not  feiled. 

When  in  this  manner  the  ordinary  course  of  the  fiirthest  point, 
that  is  the  degree  of  the  myopia  through  all  periods  of  life,  had  been 
ascertained,  it  was  not  difficult  to  infer  the  course  of  the  nearest 
point,  as  has  been  done  in  Figs.  125,  120,  and  127.  Tor  this  it  was 
only  necessary  to  know  the  range  of  aeconiniod;ition  ])roper  to  each 
time  of  life.  With  respect  to  this,  I  have  arrived  at  the  conclusion, 
that  in  myopes  it  is  about  equal  to  that  of  normal  eyes.   In  very 
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high  degrees  only  it  is  less;  and  hm  the  whole  ^e,  pirfitiilMfy 
the  anterior  part,  the  m.  eHiaris  included^  is  eitendedj  vUch  maj  he 

noted  as  a  sufficient  caase  thereof. 

These  observations  are  illustrated  in  the  sketches  of  Figs.  126, 127, 
and  128,  the  meaning  of  which,  after  what  has  been  said  respecting 
Fig.  104,  needs  no  further  exj)lanation.  They  represent  three  eate- 
gories  of  myopia,  in  its  course  of  development^  as  it  mostly  occur?. 
Fig.  126  is  a  staiumaiy.  Fig.  127  a  temporarify progremoe^  Fig.  126 
a  pemanetUIy  progre99we  myopia.  The  course  of  the  myopia  is 
shown  hj  the  line  r  rv  which  lepfesents  the  Cuthest  points  wiA 
panllel  visual  lines.  The  fange  of  acoommodation,  proper  to  eadi 
time  of  lifey  is  expressed  bj  the  distance  between  rr  and  jj  I 
mnst  allow  myself  to  make  some  observations  respecting  esch  of 
these  categories. 

Fig.  126  is  called  MiaUamry  miopia.    Yet  we  see  the  mjopia 


Fig.  126. 
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ascend  from  24  ^  Jg*  above  remarked,  such  ascent  is, 

in  the  years  of  development,  to  be  considered  as  the  rule.  Conse- 
quently if  the  ascent  be  not  more  remarkable,  the  myopia  may, 
in  contrast  to  the  progressivej  be  called  stationary.    In  gene- 


Digitized  by  Go 


POPULAR  ERROR  AS  TO  ITS  DIMINUTION. 


347 


nd  tbe  sUght  d^iees  belong  to  tins  form.    Per  ibis  Raaon,  a 

myopia  of  only  ^  was  chosen  for  Fig.  126.   However,  on  the  one 

hand,  an  originally  high  degree  of  myopia  may  continue  stationary, 
and,  on  the  other,  the  slightest  degree  may  become  pernianeutly 
progressive,  and  thus,  finally,  attain  a  very  considerable  height.  This 
last  we  observe  es])erialljr>  when  in  the  parents  or  other  mernbei^  of 
the  family,  a  high  degree  of  myopia  occurs,  while,  moreover,  the 
mode  of  life,  espedaUj  stooping  and  strong  convergence  of  the 
▼isaal  b'nes,  promote  its  fnrther  devdopment.   In  the  most  favour- 
able conrse  of  the  myopia  (Fig.  126),  it  remains  quite  stationaiy 
during  the  period  of  manhood,  snd  may,  on  the  approach  of 
old  age,  even  diminish  a  little,  as  the  figure  shows.    This,  how- 
ever, seems  to  occur  but  very  rarely.     The  generally  received 
opinion,  that  with  the  increase  of  years  the  degree  of  myopia  usually 
diminishes,  is  an  error,  based  partly  upon  the  incorrect  idea,  that  the 
degree  of  the  myopia  is  determined  by  the  nearest  point,  partly  on 
the  incontestable  fact,  that  vision  at  a  great  distance  gradually  becomes 
more  distinct,  whi<^  is,  however,  to  be  attributed  rather  to  the  in- 
creasing constriction  of  the  pupiL 

The  temporarily  progremM  myopia  is  represented  in  Pig.  127. 

Y\%,  127. 
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In  this  case  the  progression  lies  mostly  between  the  12th  and  25ih 
years.  It  is  fortunate  when  the  myopia  becomes  stationary  at  least 
before  the  30tb  year.    la  Fig  127  it  ascends  bom  the  13th  to  the 

35th  year  from  ^  ^  ^ ;  ^^om  the  18th  to  the  22nd  year  the  ascent 

is  the  most  rapid.  After  that  it  here  becomes  stationsrir.  Bat, 
in  fiict,  it  is  only  exceptionally  that^  after  having  once  attained  iStaa 
degree,  it  becomes  perfectly  stationaiy.  High  d^^rees  of  near- 
sightedness appear  never  to  be  congenital,  unless  we  would  refer 

congenital  buphthalmos  to  that  head.  I  cannot  even  decide  whether, 
when  the  nearsightedness  is  hereditary,  it  is  also  in  a  certain  degree 
congenital.  1  scarcely  believe  it  is.  I  have  too  often  seen  here- 
ditary myopia  which^  in  the  12th  or  I5th  year  was  present  in  a  veiy 

slight  degree,  for  example      subsequently  become  rapidly  developed 

to  a  high  degree  of  ^  or  ^>  to  think  it  impossible^  that  in  the  first 

years  of  life  it  was  not  almost  wholly  absent.    On  the  other  hand, 

I  have  extremely  rarely  seen  near-sightedness  arise  after  the  15th 
and  never  after  the  20th  year  in  eyes,  which  were  previously  normal. 
It  is  true  it  is  often  supposed  by  the  patients  that  such  is  the  case, 
but  this  is  only  because  the  primitive  slight  degree  of  myopia  was 
overlooked.  In  this  primitive  degree,  trifling  as  it  was,  laj  the 
germ  of  the  affection ;  the  complaints  of  various  kinds  are  not 
made  nntil  the  myopia  becomes  progressiye.  The  myopia  is  most 
progressive  when  even  in  the  15th  year  it  was  rather  considerable^ 

for  example  s  ^  as  is  assumed  in  Ifig.  127.  The  course  represented 

in  Fig.  127,  is  therefore  still  to  be  considered  comparatively  favour- 
able. It  now  seldom  becomes  in  manhood  completely  stationary  ; 
still  more  rarely  does  it  diminish  in  advanced  old  age.  Often  it 
continues  to  increase^  at  least  in  some  degree,  and  thus  approaches 
to  the 

Permanently  progressive  myopia,  represented  in  Eig.  128.  In 
the  majority  of  cases  belonging  to  this  categorf,  the  myopia  is  con- 
siderable even  at  the  age  of  15  years.   Therefore  it  is  here  assnmed 

=      It  ascends  most  rapidly  to  the  25th«  indeed  even  to  the 

35th  year,  more  slowly  at  a  more  advanced  period,  incessantly,  as 
it  appears,  but  still  often  in  jumps,  llie  hne  r  r  gives  a  view  of  this. 
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Xt  maj  aaoend  to  i  and  more.  The  wont  is  then  to  be  feared.  It 

Fi^.  128. 
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is  rare  at  60  years  of  age  to  fiod  a  tolerably  nsefcd  eye,  with  myopia 
of  1 :  2i  or  even  of  1 : 3.  Diminution  of  sudi  d^rees  of  myopia  at 
an  advanced  time  of  life,  is  not  to  be  thought  of:  the  influence 

of  the  increasing  distention  of  the  eye  in  the  direction  of  the  visual 
nxis,  is  never  overcome,  and  is  even  not  compensated  by  the  dimi- 
nishing refraction  of  the  lens. 

From  the  progression  of  the  M  it  follows,  that  the  higher  degrees 
occur  proportionately  most  frequently  at  a  more  advanced  time  of 
life.  How  far  very  young  chiidien  are  affected  by  it,  has  not  been 
accurately  investigated.  A  commencement  in  this  direction  was 
made  by  Ed.  y.  Jaeger,  who  has  also  stated  his  intention  of  follow- 
ing the  oonise  of  the  refraction  in  the  same  persons  through  their 
whole  life.  We  wisb  him  for  that  purpose  a  long  life  and  feithfbl 
patients.  He  should,  however,  not  have  neglected  tlic  value  of  the 
method,  followed  by  me,  of  throwing  some  light  on  this  subject. 

If  the  above-mentioned  causes  are  capable  of  giving  rise  to  M  and 
of  further  developing  it,  the  predisposition  thereto  is  very  different. 
I  have  already  stated  that  I  have  never  seen  an  hypermetropically 
constructed  eye  become  near-sighted.  Even  on  many  emmetropic 
cjes,  simple  tension  of  accommodation  for  near  objects  has  but  liUle 
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efl'ect.    In  fact  the  predisposition  is  almost  invariably  congeiiiial, 
and  in  that  case  it  i^,  moreover,  nearly  always  hereditary.  B«a, 
Jiingken,  Bolim,  von  ilasuer^  aiid  many  others,  have  referred  to  its 
hereditaij  nature ;  I  belieTe^  even,  that  from  time  immemorial  the 
oonviction  thereof  has  been  general  among  the  people.    At  least,  at 
piesent  the  patients  aie  aocostomed  at  onoe  to  state,  that  their  £aiher  or 
mother  was  near-sif^ted,  and  that  the  same  condition  was  found 
among  brothers  and  sisters.  I  cannot,  with  any  accoracy,  give  the  pro- 
portion in  which  hereditary  eases  occur ;  but  this  I  may  say,  that  whexe 
1  found  near-sighted nc.^^  m  one  or  more  of  the  cliildieu,  and  had  an 
opportunity  of  examining  both  parents,  I  only  exceptionally  saw  M 
wholly  wanting  in  both,  while,  on  the  other  hand,  when  one  and  equaUr 
when  both  parents  were  myopic,  the  predispositiou  almost  always 
passed  on,  at  least  to  some  of  the  children,  perhaps  more  specially 
to  the  younger  (v.  Artha).    Experience  shows  further,  that  what 
only  a  trace  of  M  is  present  in  youth,  it  inentably  becomes  fortlicr 
developed,  and  that  the  greatest  care  leads  to  nothing  more  than 
limitation  of  the  degree.   In  statements  of  its  diminution  in  yoolhy 
I  have  never  met  with  accurate  determinations  of  the  degree  of  M, 
and  wc  know  how  lightly  assertions  are  in  general  made  as  to  the 
increase  and  diminution  of  M.    A  consideration  of  all  these  fsLCts 
leads  us  to  the  conclusion,  that  fundamentally  emmetropic  eyes  seldom, 
fundamentally  hypermetropic  eyes  perhaps  never,  become  myopie ; 
but  that,  having  once  occurred,  the  M  is  often  transmitted  as  pre- 
dispoaition  to  posterity,  and  under  fteak  exciting  causes  is  devdoped 
to  its  higher  degrees.   Thus  the  hereditary  principle  accumulates  in 
the  posterity  the  effisct  of  the  causes  repeated  in  every  generation. 
In  some  families  the  M  therefore  has  attained  a  high  degree,  and  the 
danger  is  the  greater,  because,  according  to  experience,  the  hereditar>' 
tendency  manifests  itself  the  more  certainly,  the  more  the  myopia  has 
already  been  transmitted  through  a  number  of  generations,  and  has 
assumed  a  typical  character. 

A  doable  distinotiun  has  been  made  in  M,  in  whioh  I  cannot  agree.  Two 
olaasM  have  been  formed  with  respect  to  the  degree  and  to  the  congenital  or 

non-congenital  nature  of  the  affection.  As  to  the  degree,  since  observers 
had  based  their  idea  of  M  upon  the  fact,  that  in  it  acute  vision  c^uld  exist 
only  close  to  the  eye,  they  were  puzzled  by  those  cases  in  which  there  was 
distinct  visi»)n  at  a  distance  of  2,  .'i,  and  4  feet,  and  nevertheless  at  the  dis- 
tance oi'  Irom  Id  to  20  feet  letters  of  the  magnitude  of  an  inch  oould  no 
loDgor  be  easily  distinguiahed.  They  did  not  peroeife  that  in  such  cases 
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they  had  to  do  with  slight  degrees  of  myopia,  with  d^ees  of  ^ 

in  which  the  farthest  point  lay  at  about  24,  36,  or  48  inches  from  the  eye. 
A.^  the  distance  of  15  feet  the  circles  of  diffusion  are  then  elreedy  ptetty 
considerable,  at  least  when  the  pupil  is  tolerably  wide. 

The  confusion  produced  by  an  incorrect  comprehension  of  these  oases  is 
incredibly  great.    Dr.  Kerst  met  amonj^   the  young  men  who  presented 
themseWes  as  pupils  at  the  school  of  military  surgery  at  Utrecht,  some  who 
easily  read  ordinary  print  at  the  distaace  of  from  1  o  to  20  inches,  and  never- 
theless at  the  distance  of  from  12  to  20  feet  could  not  distinguish  letters  of 
the  eiie  of  3  or  4  inelies.  He  wiole  en  the  subject  to  Cimier,  and  concluded 
hj  aekiBgv  whether  this  oondition  wee  not  a  tort  of  myopia,  althoQ§^  no 
mentum  wee  mede  of  it  in  the  Yarions  woihs  on  dieeam  of  the  eye,  under 
the  head  of  myopia.  Onnkr  eommanleeted  this  letter  to  Siehel  (Zefont 
elmiqu09  mr  Im  lunettes,  ete.  Bmxelles,  1848,  p»  09))  and  the  latter  meet 
ptoperly  aaawerod  Dr.  Eeret'e  question  in  the  affirmatim.   However,  as  it 
appeare  ftom  the  len^hy  leaaoning  of  the  writer,  it  was  not  eUar  to  Siehel 
^at  in  such  instances  we  have  to  do  simply  with  a  degree  of  myopia,  in 
which  the  farthest  point  of  distinct  vision  lies  at  from  15  to  20  inches. 

Some  years  later  Fronmuller  treats,  in  reference  to  this  point,  of  "  a  va- 
riety of  short-sightedness,"  and  {^ives  to  it  the  name  of  **  myopui  at  a  distance.'* 
Siehel  and  Kerst,  he  says,  rirst  drew  attention  to  it.    However,  Fronmuller 
dewnly^a  {Beobachtungen  auf  detn  Gebiete  der  Augenheilkunde,  Fiirth,  1850, 
p.  54),  as  an  example  of  his  myopia  at  a  distance,  a  case  of  hypermetropia — as 
appears  firom  the  eireomstanee,  that  with  a  eonvex  glass  distant  Tuion  waa 
distinet  and  easy,  whib  eenoaYo  glasses  made  Tision  at  any  distanee  mora 
Indistinet    Fionmttllsr  has,  theralinre,  eonfonnded  a  moderate  degrse  of 
hypsraetrofna,  with  which  ordinary  print  could  still  be  read  at  a  distance  of 
10*  (as  is  not  unusual),  with  the  eases  of  alight  myopia,  to  which  Kerst  had 
directed  attention,  end  has  given  it  the  name  of  myopia  at  a  diaUmoB, 
I^evertheless,  even  Kerst  himself  subsequently  applied  the  name  of  **  myopia 
at  a  distance"  to  slipjht  degrees  of  myopia. 

Finally,  von  Gruefe  {Archie  f.  Ophthahnolo'jie,  B.  ii.  Abth.  l,p.  158),  rot 
knowing  at  the  time,  as  ho  acknowledges,  where  and  by  whom  the  name  of 
M  at  a  distance  was  introduced  into  science,  makes  a  rational  use  of  it  to 
characterise  those  cases  in  which,  with  reference  to  the  degree  of  myopia^  the 
diatingmehing  of  remote  olifeetf  i$  very  defhcHoe*  He  iuTestigated  and  ana- 
lysed a  esse  of  the  kind  with  great  aoouraoy,  whence  it  appears  that  this 
eomlHj^  may  depend  on  an  infoluntaiy  aetion  of  the  musolee  of  aooommo- 
dstioi,whiehisspasmodloallyeombined  with  every  eflbrt  to  see  Cuther  than 
the  nstorslly  fiffthsst  point 

flof^  esses,  howoTer,  sre  eertainly  of  extremely  rare  occurrence.  Among 
more  than  a  thousand  myopes  I  have  not  met  with  a  single  instsaee  of  the 
}nttA^  Xhe  too  grant  indistinctness  of  remote  objects,  with  reference  to  the 
degree  of  myopia,  was  always  to  be-  explained  by  a  more  than  ordinary 
size  of  the  pupiL  This  does  not  prevent  vision  being  perfectly  acute  at  the 
dibtance  for  which  the  eye  is  accommodated  ;  but  on  account  of  the  magni- 
tude of  the  circles  of  diifusion  iuoreasing  with  the  diameter  of  the  pupil, 
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it  makes  the  observation  beyond  the  boundaries  of  accommodation  very  im« 
perfect  In  this,  too,  as  we  have  seen,  lies  one  of  the  causes,  why  many  think, 
that  with  the  advance  of  years  their  myopia  has  diminished,  even  when  this  ls 
not  the  case :  their  pupil  has  become  smaller,  and  they  oonsequentiy  aee  better 
AtftdkteiiM.  IfweMitMlJMto-MlkdmyopesatadiitaDMtolooktiiimig^ 
opening  with  a  diaiiMter  of  6  mm.,  the  disproportioii  has  duappearad.  La^ 
na  bewaia,  therefore,  of  aiplaiiiiiig  eraiy  daproiwrtkii  hctwaea  the  dcggea  af 
myopia  and  the  obeerration  at  a  difltanoe,bjepaim  of  the  mvaoleaof  mmtm^ 
modation.   The  si^c  of  the  pupil  will  almost  alwayi  aeoount  for  it.  There- 
fore, too,  in  mj  opinion,  the  term  myopia  at  a  distanoe,  which  has  already 
giTen  riae  to  m  much  confuiiion,  may  yeiy  well  be  diepeneed  with  in  aoiaaee. 

Neither  the  slight  degieee  of  myopia,  whioh  are  aa  well  defined  by  |^  as 

high,  nor  hypermetropia,  which  is  the  opposite  of  myopia,  deserve  this  name, 
and  the  rare  fisim  of  disease,  distingoiahed  by  Ton  Oraefb,  might  be  denoted 
as  spasm  of  the  mnsdlBS  of  aeoommodation,  prodoeed  by  an  efibrt  at  relazaiiom. 

With  reapeet,  in  the  sseond  plaee,  to  tiie  origin  of  M,  I  haTO  abo?e  stated 
the  lesolt  i[  my  experience.   It  amounts  to  this,  that  M  is  almost  nlwaya 
hereditary,  and  is  then  further,  at  least  as  predispodtion,  congenital ;  hot 
that  it  is  also,  exceptionally,  without  special  predisposition  developed  in  the 
emmetropic  eye  as  the  result  of  excessive  tension  of  accommodation.  This 
influence  of  extraordinary  accommodation  necessarily  suggested  the  idea  of 
change  of  form  of  the  lens.    Eighteen  years  ago  {Xedt  rl,  Lancet,  18-15)  my 
argument  was  as  follows :  "  M  is  the  result  of  accommodation  for  near  objects  ; 
examine  what  M  permanently  is,  and  you  will  know  the  change  which  the 
aooommodadon  eaoh  time  ezeites."  By  the  disoovery  of  the  cause  of  M  in 
a  longer  Tisnal  axis,  and  of  the  principle  of  aooommodatioiL  in  the  greaiter 
eonvezity  of  the  lens,  my  expectation  was  disappointed.    Bat  I  nerer 
lost  sight  of  the  possibDity,  that  In  myopia,  espeeially  in  the  aotiuired 
yaiiely,  the  lens  should  be  really  more  convex.   It  would  oertainl/  not 
be  strange  that*  especially  during  the  periods  of  development,  the  inflnenoo 
of  much  accommodation  for  near  objects  should  permanently  affect  the 
form  of  the  lens,  and  that,  vice  versd,  want  of  this  accommodation  mi^ht 
lead  to  unusual  flatness  of  the  lens  (compare  p.  240).    I  have,  however, 
in  no  way  been  able  to  satisfy  myself  of  this. — Moreover,  in  the  fact  that 
M,  almost  without  exception,  is  either  connected  with  a  peculiar  posterior 
atrophy,  or  at  least  before  the  fortieth  year  becomes  connected  therewith, 
lies  the  proof,  that  at  all  events  nearly  without  exception,  another  cause 
is  in  operation:  this  posterior  atrophy  is,  namely,  eonneeted  with  a  disten- 
tion of  the  posterior  part  of  the  eyeball,  whioh  distention  it  either  aeooi&> 
paoies  or  rapidly  foUowa.  And  in  the  raie  eases  in  whieh  this  posterioratiopliy 
is  wanting,  I  have  mostly  found,  1^  direct  measurement  with  the  (q>hthaImo- 
meter,  a  morbidly  dist^jnded  cornea,  or  I  established  the  existence  of  morbid 
distention  of  the  anterior  part  of  the  sclerotic,  with  prolonged  visual  azia, 
so  that  finally,  no  cases  remained  in  which  I  was  obliged  to  take  refuge  in 
extraordinary  convexity  of  the  crystalline  lens.  (See  further  the  Section 
upon  the  anatomical  changes  in  M.) 
Moreover,  in  adults,  and  even  in  young  people,  provided  they  are  abso- 
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.oiidy  free  £rom     simple  tension  of  accommodation  is  not  sufEcient  to  excite 
IC     Sven  wearing  concave  glflsses  does  not  give  rise  to  it.   Only  in  the 
]urtifioial  H  prodnoed  by  oonoaTe  glasses,  aa  wdU  as  in  the  natural,  a  part  of 
tikis  H  finally  beoomes  latent,  that  ia,  the  eye  aooostoms  itself  in  distant 
vision  also  to  tension  of  the  nrasole  of  aeoommodation ;  but  that  no  of<- 
ganio  ehange  of  foni  of  the  lens  is  in  opemtkm  appears  horn  the  llM>t  that 
a  tropia,  by  paralysing  the  oUiary  muscle,  immediately  suppresses  the  apparent 
M.    The  displacement  of  the  relative  range  of  aoeommodation  in  the  nse 
of  glasses,  which  modify  the  connexion  between  convergence  and  acoom- 
tnodation,  temporarily  gives  rise  to  some  difficulty.    This  is  true  also  even 
of  positive  glasses.    Thus,  after  working  with  a  magnifying  glass,  in  which, 
perhaps,  without  wholly  parallel  lines,  I  am  accustomed  to  relax  m}-  power  of 
accoraraodation  as  much  as  possible,  it  is  at  first  difficult  for  me  again  satis- 
factorily to  accommodate  at  a  convergence,  for  which  I  otherwise  find  no  diffi- 
culty, without,  however,  the  absolute  points />and  r  being  at  all  altered.  The 
same  is  soon  peroeived,  when,  holding  a  weak  prism  with  the  angle  inwards 
before  the  eye,  we  wish  to  see  singly  at  a  distance,  and  thns,  with  oonyergenoe, 
to  aMommodata  for  a  distant  oljeot  The  opposite  is  prodnoed  by  eoneaye 
£^laseee  or  by  a  prism  with  the  angle  toned  outwards.  Now,  it  is  easily  under- 
stood that  at  least  prisms,  whidi  do  not  at  aU  modify  the  aoeommodation, 
will  exercise  no  permanent  influenoe  on  the  erystalline  lens,  and  the  effect 
of  convex  and  conoave  ginssos,  witliin  eertain  limits,  oompletely  agrees 
with  that  of  prisms. 

All  the  forsgoing  is  most  strongly  opposed  to  the  importanee  of  the 
crystalline  lens  in  the  production  of  M.    But  although  there  was  no  argu- 
ment against  the  latter,  so  long  as  it  did  not  appear,  from  direct  investi- 
gation, that  by  tension  for  near  objects  the  lens  permanently  acquires 
greater  convexity,  it  seems  an  ignoring  of  the  requirements  of  science  to 
admit  a  form  of  M  based  upon  mere  supposition,  and  to  oppose  this  (writers 
have  even  given  it  the  special  name  of  ple&iopia)  as  acquired  M,  to 
the  almost  invariably  congenital  myopic  structure  of  the  eye.    £d.  von 
Jaeger  {L  c.  p.  28)  says :  "  that  in  such  individoals  as  are  eonstantly  occu- 
pied with  tsnsion  of  aooommodatioD,  Ibwer  eyes  do  not  in  general  ooenr  with 
normal  Isngth  of  axis,  than  under  opposite  eonditions,  and  that  in  those 
dasses  of  the  popnladon  who  are  not  uanally  aoouttomed  to  fhtigne 
their  ^se  by  sAbrto  of  aeoommodation,  at  least  as  many,  nojf,  esen  mora 
mHviiuaU  ooonr,  who,  in  eonsequenee  of  prolongation  of  the  axis  of  the 
bulb  (Staphyloma  posticum),  are  shortsighted,  than  in  the  upper  ranks  of 
society."    So  far  as  the  Netherlands  are  concerned,  I  can  expressly  contra^ 
diet  this  assertion,  and  with  all  respect  for  the  zeal  of  observation  of  Ton 
Jaeger,  I  oannot  admit  its  truth  even  for  Austria* 


§  27«  Ebsults  op  thb  ^braTHALMOscoFic  Invsstioation  of  the 

Myopic  Etb. 

Since  Uie  ophthalinoeoope  has  made  the  fundus  oculi  accessible  to 
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examination  during  life,  our  idea  o(  the  anatomical  basis  of  M  bt*  1 
undergone  a  complete  moditication.    Ophthalmoscopic  investigatiM  : 
has  shown  that,  almost  without  exception^  even  in  moderate  degras  ■ 
of     changes,  especially  in  the  chohoidea,  are  to  be  observed ;  mi  | 
it  hat  now  foithcf  been  fonnd^  that  theee  changes  aie  the  taqm- 
don  of  atrophy  of  the  chorbidea,  which>  combined  with  atrophy  d  ' 
the  scleiotic^  is,  as  well  as  the  latter,  dependent  on  a  dBstaitkm  of  i 
the  posterior  part  of  the  eyeball.    Myopia  and  Stu^h^l<jijui  jtottla^  i 
have  thus  become  nearly  synonymous.  | 

Thousands  of  myopic  eyes  }ia\  e  been  examined  by  nic  ;  of  not  i 
than  700  do  I  possess  more  or  less  detailed  drawings  or  sketches,  ^ 
of  some  eyes  more  than  one^  with  an  interval  of  some  years ;  sod  ii 
every  esse  sex^  age,  d^p»e  of      and  in  many  inntancew  aocomniD' 
datiott,  movements  of  the  ey^  acuteneas  of  visioiiy  hereditarinewi  aotf 
aocessQiy  distnibanoes  have  been  noted.    From  these  obsenip 
tions^  which,  communicated  in  extenso,  would  form  a  wolnme,  tk  j 
following  description,  aiul  also  the  conclusions  drawn,  are  in  great  | 
part  borrowed :  much  of  the  same  is,  however,  already  to  be  found  in  , 
the  writings  of  my  predecessors.    The  ])rincipal  changes  are  :  atr^  \ 
p^y  of  the  chono'idea,  on  the  ouUide  of  the  entrance  of  the  optic 
when  highly  devdoped,  oombmed  with  change  of  form  of  the  nerxt- 
iurfaee,  a  itraighiened  eaurte  of  the  vmek  ^  tike  retina,  imeomfiHf 
d^fnee  atrophy  of  the  ehorioidea  mi  other  piaees,  and  mar6id  ehan^  i 
ffi  the  region  of  the  yellow  epoL   I  commence  with  a  descriptioa  d  \ 
the  changes  in  general,  and  shall  afterwards  sketch  their  develop-  ^ 
ment,  in  connexion  with  the  degree  of  M  and  of  the  time  of  life.  l 

1'^.  Atrophy  of  the  chorioidt'a,  prlndpaUy  fo  the  oufsid<'  <f  tU 
entrance  qf  the  optic  nerve,  llie  surface  of  the  optic  nerve  of  tiic 
normal  emmetiopio  eye  exhibits  itself  as  a  nearly  round,  rather  stron^y 
reflectingi  aUghtiy  reddiah  plane,  from  which  the  retinal  veaaek  ae( 
ont;  often  an  impression  is  to  be  seen  on  it.  This  plane  is  disliiiellj 
bounded  by  the  commencement  of  the  pigment  of  the  ehorioidea,  to 
the  inside  of  which  we  sometimes  observe  a  thin,  white,  stronglT 
reflecting  line  (the  so-called  sclerotic-boundary  of  Liebreich),  to 
which  the  faintly-defined  nerve-substance  then  succeeds.  To  this 
part  of  the  fundus  oculi  we  usually  first  direct  the  eye.  At  the 
first  glance  we  recognise  in  it  with  tolerably  great  certainty  the  M  | 
(compare  Eig.  129),  distingniahed  by  a  crescentiCy  strongly  rt- 
fleeting  surface  {c)  between  the  outside  of  the  nerve  (»)  and  the 
boundaij  of  the  pigment  of  the  choiioidea.    That  anrfMe  is  ' 
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a.1  ways  poor  in  pigment.    Still  it  may,  if  it  be  slender,  when  there  is 


Fig.  129. 


normal  or  even  diminished  fulness  of  the  vessels,  be  proportionately 
red,  but  the  colour  is  then  also  brighter  than  that  of  the  rest  of  the 
fundus  and  approaches  sometimes  to  orange;  almost  always,  however, 
it  soon  acquires  a  whiter  shade,  on  which  at  first  the  larger  chorioideal 
vessels,  extended  in  a  horizontal  or  radiating  direction,  are  visible, 
often  even  more  distinctly  than  on  the  adjoining  j)arts  of  the  chorio- 
idea  abounding  in  pigment.  Between  the  straightened  vessels  the 
remaining  pigment  of  the  stroma  is  recognisable  as  oblong  brownish- 
grey  httle  spots.  Tlie  chorio-capillaris  in  this  place  now  seems  no 
longer  to  carry  blood.  At  length  all  blood-carrying  vessels  may 
disappear  in  the  atrophied  place,  which  now  appears  still  grey  or 
marbled  and,  finally,  perfectly  white,  reflecting  still  more  strongly 
than  the  nerve-surface  itself,  although  the  latter  has  also  increased 
in  whiteness.  However,  even  now  some  darker  pigment-spots  (pig- 
ment-epithelium) occasionally  still  remain'in  the  atrophied  place,  espe- 
cially near  the  margin,  similar  to  those  in  the  neighbouring  red  tissue. 

The  atrophied  surface  passes  sometimes  without  defined  boundaries 
into  diffuse  atrophy,  and  through  this  into  normal  tissue ;  in  general 
it  is,  however,  limited  by  a  sharj),  tolerably  regularly  curved  boundary 
line  (circumscribed  atrophy).  This  line  is  distinguished,  at  least 
here  and  there,  by  an  abundance  of  dark  pigment,  as  usually  occurs  on 
the  boundaries  of  morbid  changes  of  the  chorioidea,  as  well  as  on 
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its  normal  limits.  Not  mifrequently  there  is,  at  a  certain  distance, 
a  second  dark  line,  parallel  to  the  boundary  line,  together  with  in- 
creased vasctdarity  of  the  adjoining  chorioideal  tissue,  or  on  the 
atrophied  part  traces  of  an  innermost  concentric  line  of  pigment  are 
to  be  seen. 

The  form*  of  the  circumscribed  atrophy  is  almost  always  that  of  a 
crescent  whose  concave  side  encompasses  the  outside  of  the  nerve- 
surface  (crescentic  atrophy).  In  slight  degrees  scarcely  to  be 
recognised,  sometimes  only  locally  through  a  projecting  dark  point 
(Fig.  130),  it  extends  usually  the  farther  around  the  nerve-substanor, 
the  broader  it  is,  that  is,  the  longer  the  axis  {a  a  Fig.  132)  of  tk 
crescent  is  (compare  Figs.  130  to  132).  On  further  development  the 


1 .1 


*  I  append  some  sketches  merely  for  the  determination  of  the  forms  of 
the  atrophic  place.   The  above  figures  are  taken  from  partioolar  eyes. 
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Excellent  representations  of  the  fundus  oculi  of  the  myopic  eve  are  giTca 
by  many,  among  others  by  Dr.  Ed.  Jaeger  {Beitriige  zttr  Pathtlogie  des 
Auffcs,  Wien,  1855,  PI.  17  and  18  ;  and  Ueber  die  Etmtellungen  dcs  dtoj/trt 
Ajtpar.,  Wien,  1861,  Tab.  11) ;  and  by  Liebreich  (Mltis  d* ophthalmoscopies 
Paris,  1863,  Tab.  111). 
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atrophy  assumes  rery  cHifeient  fbrms.   If  the  ads  is  longer,  wifihoQt 

proportionate  extension  around  the  papilla,  the  crcscentic  form  passes 
into  the  semi-elliptical,  of  which  various  modifications  occur  (Fig. 
135  ay  b,  c) ;  if,  on  the  contrary,  the  atrophy  extends  more  around  the 
nerve-surface,  without  proportionate  prolongation  of  the  axis,  the  semi- 
annular  Ibim  arises  (E^p*  138)^  and  farther^  the  annular  (Fig.  134), 
wluchf  when  more  eiteiided,  deserves  the  name  of  elliptical  (Fig.  189  a) 
or  Gircakr  (Fig.  186  ft).  In  all  these  forms  the  ring  is  almost  con- 
stantly hroader  on  the  outside  tlian  on  the  inside,  where  it  is  often 


atill  slenderer  than  ahove  and  heneath.   Finally,  the  atrophy  may 


be  very  irregularly  bounded,  for  example,  it  may  have  an  angu- 
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laiij  enmd  form  (Fig.  137),  may  present  Tamificetions  (Fig.  ISS), 
flometimes  in  ihe  form  of  a  leaf  of  dom  (Fig.  189),  and  mayefw 
have  completely  separated  atrophic  spots  around  it  (Fig.  140).  Thw 
the  atrophy  attsina  a  oonsidenble  extent  of  three  ore?en  six  mm.  and 

more  in  different  directions,  in  which  cases  still  other  parts  of  the 
chorioidc.i  arc  in  various  modes  morbidly  affected. 

In  the  einmctropic  eye  the  yellow  spot  lies  to  the  outside 
of  the  nerve  (irom  the  middle  o£  its  surface  to  a  distance 
of  about  4  mm.),  almost  alwaysi^  however,  somewhat  lower.  The 
axis  of  tiie  atrophic  crescent  has  a  similar,  hat  usually  somewhat 
yet  more  descending  direction,  and  is  therefore  tamed  towards  the 
yellow  spot  (The  figures  129-140  are  all  drawn  with  the  image 
inverted).  Extremdy  rarely,  however,  even  with  the  greatest  develop- 
ment of  the  atrophy,  does  it  reach  directly  to  the  yellow  spot,  which 
removes  more  and  more  from  the  nerve-surface  j  but  it  is  very  usual, 
as  we  shall  see,  in  high  degrees  of  atrophy,  to  find  the  yellow  s|K>t 
independently  affected.  Deviations  from  the  direction  describtMl 
m,  however,  on  the  whole,  not  uncommon ;  the  axis  may  descend 
much  more  directly  (Fig.  141)  and  even  be  directed  completely  down-  | 
wards  (Fig.  142),  or  it  may  be  hoiizontal^  and  may  even  ascend  con-  I 
siderably  (Fig.  148),  bat  it  is  never  directed  straight  npwarda. 

In  rare  cases  the  akophic  part  is  particnlarly  strongly  exetttfaied, 
as  may  appear  on  its  outer  margin  from  a  certain  curvature  of  the 
retinal  vessels ;  in  general,  however,  the  curvature  is  coutinued  tolera- 
bly uuiforndy  in  the  non-atrophied  })ar(. 

2°.  TAe  nerve-turf  ace  hasy  vn  high  degrees  of  3f,  undergone  a 
partly  apparent,  partly  true  change  in  form* — As  to  the  apparent, 
the  horizontal  dimension  often  appears  comparatively  smaller.  The 
reason  of  this  is  evident :  in  the  emmetropic  eye  the  nerve-sni&oe 
lies  only  a  little  to  the  inside  of  the  axis  of  the  cornea,  and  we 
therefore  look  through  the  pupil  nearly  directly  on  it ;  on  the  ood- 
trary,  in  the  hi irhly -distended  myopic  eye  (compare  Fig.  55),  in 
which  the  nerve-surface  is  displaced  more  to  the  inside,  tlie  perpen- 
dicular to  this  surface  is  directed  more  strongly  outwards,  and  thi? 
causing  u^to  look  obliquely  on  the  nei-ve  through  the  pupil^  it  appears 
shortened  in  the  horiaontal  direction  (Artl).  But  besides  this  apparent, 
there  occnrs  a  true  change  in  form,  which  everyone  had  indeed  seen, 
bnt  to  which,  if  1  am  not  mistaken,  Liebreich*  was  the  first  to  direct  ' 

*  Arekw  f.  OpMhahnologie^  vii.  2,  124.   AUat  ^opkUudmoteopic^  Paris, 
1863,  p.  6. 
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attention :  ike  nmfe-^urfaee  uiualfy  has,  in  exiemive  atrophy y  ike 

greatent  diameter  hi  a  direction  perjje/idicular  to  the  axis  of  the 
atrophy.  Von  Jaeger  endeavours  to  attribute  this  also  in  great  part 
to  appearance;  but  the  fact  is  true  (compare  the  above  figures).  To 
these,  other  changes  supervene.  In  joung  mjopes  the  nerve-surface 
is  particalarly  red  (capillary  hjpenemia),  otherwise  it  is  not  altered ; 
sabseqiienily,  in  high  degreeflt,  on  the  contniy,  it  is  ahnoet  always^ 
wboQy  or  partially,  Btronj^  reflecting,  not  im&eqnently  it  is  loeally 
excavated,  with  a  more  distinct  appearance  of  the  (more  anpcarfioially 
sitnated)  lamina  cribrosa ;  also,  perhaps,  somewhat  excavated  over  the 
Avhole  surface,  apparently  atropine  and  sonu'tiines  passing,  without 
distinct  boundaries,  into  the  strongly  reflecting  atrophy.  1  have  seen 
cases  in  which  a  retinal  vessel  appeared  to  come  from  an  atrophied 
place,  which  we  were  therefore  again  incUned  to  refer  rather  to  the 
narre-surface. — Of  the  true  dimensions  of  the  nerve-aurface  it  ia  diffi- 
cult to  judge,  because  the  myopic  structare  has  a  very  complicated 
influence  on  the  magnitude  of  the  inyerted  image.  In  the  note  to 
Una  section  some  fiurther  remarks  will  be  found  upon  tiiis  subject. 

S"".  The  retinal  vessels,  which  are  depicted  with  incomparable 
clearness  on  the  atrophic  surface,  are  distiniruished  in  high  degrees 
of  M  by  their  straight  and  little  tortuous  course;  this  is  particu- 
larly true  of  the  most  atrophied  places.  This  straightened  course  is 
evidently  the  result  of  the  extension,  which  the  retina  also  has  under- 
gone. In  the  calibre  of  the  vesseb  there  is  seldom  any  great  change* 

4^  Much  &rtiier  than  the  atrongly  reflecting  and  completely 
atrophied  part  we  find,  in  high  degrees  of  M,  proofii  of  esetenium 
and  aiienmaiion  of  ike  ekoriaidea,  both  in  the  stronger  reflexion 
and  in  the  straight er  course,  with  greater  mutual  distance  of  its 
vessels.  Not  unfrequently,  too,  the  stroma-pigment,  which  occupies 
the  intervascular  spaces,  is  in  these  part^  evidently  tliniinislied,  and  the 
epithelium  of  pigment-cells  is  unequally  distributed.  In  the  intervals 
the  surface  is  now  sometimes  dotted  with  yellow  or  white,  and  reflects 
atron^y.  We  often  find  this  diffuse  atroi)hy  at  the  inside  of  the 
nenre-surfaoe^  but  especially  at  the  outside,  and  continuous  with  the 
complete  atrophy,  wldch  is  now  less  sharply  defined.  The  region  of 
the  yellow  spot  has  now  also  often  passed  into  atrophy. 

5°.  Circimscrihed  changes  of  the  yellow  spot  and  of  the  fovea 
centra/iff, — Those  interfere  with  direct  vision,  and  deserve  all  our 
attention.  In  ]iitz;h  degrees  of  M  we  should  thercfon^  never  neglect, 
after  the  investigation  of  the  nerve  and  the  parts  around  it,  also  to 


Digitized  by  Google 


360 


MYOPIA, 


examme  the  jdlow  spot,  which  we  ha?e  in  sighi,  when  tiie  obeened 
eyt  fixes  the  flame  reflected  by  the  mirror.   The  ehangee  are  ooa- 

nee  ted  with  a  continuation  of  the  atrophy  from  the  outside  of  the 
optic  nerve,  or  they  exist  independently  and  separately.  They  appear 
as  scattered  irregular  granular  pigment^  lying  or  not  on  one  or  more 
oval  angular  bright-red  apots^  surrounded  by  diffoae  pigmenty 
or  aa  some  larger  dark  gronpa  of  pigment  on  a  white  gfoand  or 
alternating  with  white  apota,  or  finally  aa  one  single^  sharply-defined, 
sometimea  blniah  and  elevated  spot,  which  may  attain  evm  the  mag- 
nitude of  the  nen  e-surface :  this  last  form  is  })robably  connected 
with  extravasation  of  blood,  which  1  have  sometimes  seen  limited  to 
a  part  of  the  yellow  spot. 

6°.  The  further  changes  in  the  fundus  oculii  which,  without  be- 
longing to  the  eaaence  of  myopia,  are  to  aapervene  in  the  higbest 
degrcea  of  are  ekoruAdiUi  dmeminaia,  diatinguiahed  by  wliite 
and  yeUow  spots  of  variona  aiaes,  with  irregular  deposition  of  pig- 
mcnt,  scaiienil  here  and  there;  moreover,  spots  of  extravasated 
blood  in  the  retina,  whether  one  or  more  larger,  or  immerous  smaller 
ones,  which^  finally,  pass  over  into  pigment-spots, — and  detachment  of 
the  retina  by  blood,  and  much  more  fireqnenUy  by  exndation.  A 
movable^  grey,  alender,  bnt  tolerably  long  flake  alao  sometimes  extends 
Jiram  the  nerve-mrfaee  to  which  ii  it  adhermU,  into  the  mtreomt  hmmomr. 
Lastly,  we  sometimes  see,  in  the  highly  myopic  eye,  a  particular 
form  of  glaucoma  arise  with  the  chanijre!?  peculiar  to  the  same. 

7°.  In  the  more  Ikiid  vUreous  humoury  movable  jlal.'S  are, 
in  the  high  degrees  of  M,  among  the  most  ordinary  phenomena. 
They  arc  in  part  connected  with  the  changes  described  nnder 

8^  In  high  degrees  of  M  we  see  more  than  ordinarily  a  ocmi- 
mencement  of  obscuration  of  the  lena.  Where  there  ia  detachment 
of  the  retina,  whether  with  or  without  aeoondary  iritis^  obaensation 
is  often  rapidly  developed  even  in  youth. 

Of  the  changes  just  described  the  atrophic  crescent  on  the  out- 
side of  the  nerve-surface  is  the  most  common  and  the  moat  charac- 
terifltio.  This  is,  the  time  of  life  being  equal,  in  general  more  Ihlly 
devdoped  the  higher  the  degree  of  M  is,  and  for  equal  degreea  ol 
M  it  ia  more  developed  the  more  advaneed  the  age  of  the  individual 
is.  Hie  sul)joined  table  exhibits  the  length  of  the  axis  (Fig.  13£ 
a,  h)  of  the  atrojihicd  part,  in  relation  to  the  age  and  the  degree  of 
M,  deduced  from  observations  on  1400  eyes. 
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L.£2i&XII  OF  TILE  AXiS*  Of  THE  AXJiOPUIC  CiLESCENI  IN  MlLUXBTJlES  WITH 


Ag^  in 

O)  12 

12*^6 

6*^4 

4  8 

3  2 

0  to  .'30 
0  to  50 

o  to  ao 

0  1987  mm. 

0-2975 

0*7059 

0  4255 
0-70,35 
1046 

0-5563 
0-9679 
1183 

0-7431 

1  -im 

1*706 

1-25 
108 
2*127 

The  table  exhibits  most  clearly  the  influence  on  the  e^ent  of  the 
atrophj,  both  of  age  and  of  the  degree  of  the  myopia.  Even  when 
for  less  diffeience  in  degree  and  less  difference  in  age  the  aTeiage  of 
a  certain  number  of  eases  is  taken,  Hie  same  regularity  is  still  apparent. 

Nevertheless  the  individual  observations  differ  verv  much,  so  that  as 
minimum,  in  tolerably  high  degrees,  only  traces  of  atrophy  occurred, 
and  the  maximum  maj  amount  to  6  mm.  and  more.  The  increase 
of  the  atrophy  with  age  appears  to  be  phioed  beyond  all  doubt. 
Taking  into  account  that  the  d^ree  of  the  myopia  also,  at  least  in 
most  casesj  increases,  we  may  even  inkx  that  the  atrophy  in- 
creases with  age  still  more  rapidly  than  the  numbers  belonging  to 
the  same  column  indicate.  Probably  we  approach  the  truth  by 
reading  off  in  the  diagonal  direction,  and  thus  assuming  that,  when 
the  axis  of  the  atrophy  at  twenty  years  amounts  to  0  1 987  mm., 
this  at  40  years  increases  to  0  7035,  and  at  65  to  1*183. 

After  the  simple  announcement  of  the  &cts,  I  shall  now  endea- 
▼onr  to  give  a  sketch  of  the  development  of  the  atrophy  and  of  its 

concomitant  phenomena,  as  the  Ophthalmoscope  reveals  them  iu  the 
myopic  eye. 

In  a  very  young  individual  atrophy  is,  in  moderate  degrees  of  M, 
very  rarely  to  be  observed.  Hasnerf  declares,  however,  that  he  has 
seen  it  remarkably  devebped  at  four  or  five  years  of  age,  and  £d.  v. 
Jaeger  has,  from  the  examination  of  diildren  in  schools,  even  come 

•  The  axis  of  the  atrophic  part  was  determined  by  measuring  the  sketches 
made  of  700  cases  of  myopia.  For  actual  ma^'nitude  the  nerve-surface  was 
used  as  a  scale,  whose  diameter  was  assumed  =  1*9  mm.  In  the  annular 
and  ia  the  circular  atrophy,  the  extent  on  both  sides  of  the  nerve-surface 
was  assumed  as  axis.  Imperfect  and  luideiiued  atrophy  are  not  in- 
cluded. 

f  Kliniscf^  Vortrdye  uber  AugenheiUcunde.   Prag,  18G0. 
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to  the  conclusion,  that  a  particular  form  of  atrophy,  which  some- 
times led  him  to  recognise  cue  child  as  brother  or  sister  of  the  other, 
differing  in  each  of  the  two  eyes,  may  be  herediftaiy.  Even  in 
nnnlings  and  new-born  infanta  of  myopic  moihen,  be  aav  the 
tendoiey  to  atrophy  of  the  aame  fonn.  I  too  have  aeen^  vitlioot 
particolarly  looking  for  them,  aome  eaaea  of  diatinctly  derdoped 
atrophy  at  the  ages  of  five  and  seven  years,  though  in  simple  M  the 
intervention  of  the  oculist  is  seldom  invoked  at  so  tarly  an 
age.  The  rule  i?,  however,  that  even  in  those,  in  whom  wc 
may  subscc|uently  expect  a  high  degree  of  M,  during  childhood  only 
slight  traos  of  atrophy  are  at  most  to  be  seen.  There  first  appears 
either  an  irregular,  small  projection^  rich  in  pigment  (compare  Fig. 
129)9  to  the  ontaide  of  the  optic  nerve,  or  a  little  crescent,  diatin- 
gnidied  from  the  adjoining  fondoa  by  a  brighter  red  colour,  ite 
bonndary  being  somewhat  darker  at  the  ontaide  than  the  contiguous 
fundus.  In  the  first  case  the  atrophy  extends  directly  from  the 
margin  of  the  nerve-surface,  while  the  pigment,  in  a  certain  sense, 
removes  outwards,  and  a  white  strongly  reflecti^ig  hne,  which  soon 
assumes  the  cresccntic  form,  appears  along  the  nerve-surface.  In 
the  second  case  the  atrophy  is,  in  a  certain  sense,  directly  terminated^ 
evidently  from  diminution  of  pigment,  and  its  further  development 
consists  at  first  rather  in  the  becoming  more  perfect,  than  in  tlie 
extension  of  the  atrophy.  Often,  however,  we  now  see  a  second  con- 
vex line  of  pigment  arise  at  the  outside  of  the  original  crescent. 
While  in  adolescence  myopia  is  gradually  more  and  more  developed, 
there  not  unfrequently  set  in  troublesome  symptoms  of  irritiition, 
and  on  op]ithalmoscoj)ic  examination  we  now  often  find  the  most 
external  boundary  of  the  atrophy,  as  well  as  the  nerve-surface  itself, 
in  a  congestive  condition.  If  the  myopia  seems  likely  to  attain  only 
a  slight  degree,  there  occur  in  adolescence  but  the  first  traces  <^ 
atrophy,  and  where  this  is  the  case,  a  great  development  of  the  aame 
is  to  be  apprehended  only  from  an  improper  use  of  the  eyes.  But 

where  myopia  of  ^  or  ^  exists  from  the  sixteenth  to  the  twentieth 

year,  we  find,  almost  without  exception,  a  very  decided,  almost  j)erfcct 
atrophy  accurately  defined  under  the  form  of  a  crescent,  whence  it 
sometimes  appears  that  precisely  this  part  is  more  highly  concave  than 
the  rest  of  the  fundus.  The  pigment-epithelium  has  disappeared  upon 
this  surface,  the  chorio-capillaris  seems  to  be  no  longer  present^  the 
greater  chorioideai  vessels  are  slender,  extended,  sometimes  they  bav^ 
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almost  wholly  disappeared^  while  only  browuis^h-f^ey  spots  still  indi- 
cate the  interrascnlar  apaoe. — From  a  combiDation  of  numerous 
obeemtions  we  may  very  well  dednoe  the  development  of  the 
atiophy;  bat  I  have  in  addition,  had  the  opportumij  of  examining 
repeatedly  in  oonsepntive  yeais  many  eyes,  and  this  has  shown  me 
that  the  atrophy  sometimes  advances  more  rapidly  at  intervals,  bat 
that  it  very  rarely  coutiimcs  long,  for  example,  for  one  or  two  years, 
unaltered.    Especially  in  youth,  when  the  adjoining  tissue  of  the 
chorioidea  is  particularly  rich  in  hlood,  and  long-continued  tension 
of  the  eyes  is  attended  with  inconvenience,  the  development  proceeds 
regabrly.  Apparently,  the  boundaiy  of  the  pigment  is  thus  displaeed 
outwaids.   In  so  fiir  as  the  membranes  at  the  outside  of  the  nerve- 
sinfoce  axe  extended,  this  is  also  really  the  case.  Bat  in  addition  we 
most,  in  explanation  of  the  process,  assame  that  in  the  place  where, 
at  the  inner  bonndary  of  the  hypenemia,  in  consequence  of  extension 
the  atrophy  begins,  the  pigment  is  absorbed,  and  at  the  same  time 
is  more  strongly  formed  on  the  hypertemic  line  extending  outwards. 
In  general  the  stronger  formation  of  pigment  is  due  to  hypenemia 
of  the  chohoidea.*^   Now,  if  on  the  one  hand,  pro'mbly  through  a 
more  rapid  course  of  the  atrophy,  the  absorption  of  the  pigment  is 
imperfect,  and  if  blaok  spots  therefore  remain  in  the  atrophic  part> 
the  hypenemia  on  the  other,  extends  in  some  pomts  more  ontwards, 
and  here  gives  rise  to  increase  of  pigment.  Thns  it  wonld  appear 
too,  that  the  spots  of  pigment  existing  at  both  sides  of  the  boundary 
of  the  atrophy  may  be  explained.    A  real  displacement  of  the  pig- 
ment over  the  surface  of  the  chorioidea,  as  it  occurs  in  exudative 
chorioiditis,  seems  here  not  to  be  admissible. — The  direction,  in 
which  the  atrophy  at  first  extends,  is  at  once  conclusive  as  to  the 
form  to  be  expected.   This  is  indeed  included  in  what  has  already 
been  said.   Here  we  may  remark  only,  that  in  slight  degrees  the 
form  is  never  amralar,  and  that  the  annnlar  and  oncolar  forms  are 
to  be  expected  when  the  crescent  rapidly  extends  ht  around  the 
nerve-snrfaoe,  most  of  all,  when  also  at  the  opposite  inside  of  the 
nerve-surface  a  second  smaller  crescent  is  early  formed. 

The  atro])hied  part  is  for  a  long  time  regular  in  form,  aiul  beyond  it 
scarcely  any  change  is  to  be  set  n  in  the  fundus  oculi :  at  most  it  may 
be  observed,  when  a  strong  pigment-epithelium  does  uot  prevent  it, 
that  the  chorioideal  vessels  are  more  separated,  and  are  in  part  more 

*  Compare  Cooeius.  Veber  Olaueomi  EwUSndung  und  Autotkapie  mit 
dem  A9^mupief»l,  1859,  p.  36. 
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slender  than  usual.  But  after  the  five-aud-thirtieih,  and  particalarijf 
after  the  fortieth  year,  in  high  degrees  of  M«  the  changes  above 
described  begin  here  and  there  to  occur  (compare  Pigs.  132, 135,  and  ' 
139).  Now  slflo  the  boundary  line  of  the  atrophy  aometimes  describes 
a  more  inegokr  form,  or  atrophic  spots  have  formed  next  the  original 
ones,  which  by  the  extension  of  both  may  sabseqnentlT  coalesce. 
The  most  important  change  beyond  the  seat  of  the  original  atrophy 
is  the  degeneration  in  the  region  of  the  yellow  sj)ot,  especially  when 
it  occupies  the  fov(M  centralis.  It  is  true  this  may  occur  at  any 
age  even  in  non-myopic  eyes,  and  on  localised  disturbance  of  the 
function  in  tiie  same  place,  with  or  without  perceptible  organic 
change,  a  number  of  cases  of  ordinary  amblyopia  depend.  But  a 
particular  morbid  change^  based  upon  extension  and  atrophy  of  the 
sderotio  and  chorioid^  whereby  the  retina  here  also  becomes 
secondarily  disturbed  in  its  function,  is  decidedly  pecuUar  to  high 
degrees  of  myopia.  As  we  know  that  the  yellow  spot  often  corre- 
sponds to  the  apex  of  the  staj)hyloHia  posticum,  and  that  in  high 
degrees  the  atro])liy  of  the  sclerotic  and  chorioidea  is  here  the 
strongest,  this  Cciii  by  no  means  surprise  us.  In  the  first  place,  tiiere 
often  arises,  in  M  =  ^  or  more,  in  advanced  life,  imperfect  diffuse 
atrophy  of  the  chorioidea,  in  a  belt  passing  from  the  outside  of  the 
atrophy  through  the  yellow  spot,  and  recognisable  by  a  dispropor* 
tionately  white  or  yellow-dotted  grey,  aometimes  strongly  rc^ectiiig 
almost  glittering  appearance,  with  interspersed  pigment ;  and  where 
this  occurs,  the  region  of  the  yellow  spot  never  altogether  escapes ; 
but  in  addition,  at  a  comparatively  less  advanced  age,  the  above-de- 
scribed local  degeneration  of  the  yellow  spot  not  unfrcqueutly  super- 
venes on  the  original  atrophic  crescent,  while  the  part  situated 
between  this  and  the  yellow  spot  still  deviates  but  little  from  the 
normal.  On  one  occasion  I  observed  this  in  a  patient  aged  fifteen ; 
under  thirty  yesrs  of  age  it  is,  however,  even  in  the  highest  degtees 
of  M,  still  rare;  after  the  thirdeih  year  it  recurs  with  comparative 
frequency  in  myopia  of  i  or  more,  and  at  sixfy  the  yellow  spot,  and 
even  the  fovea  centralis,  lun  e  in  M  of  },  often,  and  in  myopia  of  2  J 
and  4,  they  have,  I  might  almost  say,  always  suffered.  This  occurs 
both  when  the  original  atrophy  is  annular  or  circular,  and  when  it 
extends  only  to  one  side,  sometimes  even  when  the  axis  of  the  atro-^ 
phy  is  still  short,  and  is  not  directed  to  the  yellow  spot. 

The  above-described  changes  of  the  ncrve-suifiwe  are  distinctly 
seen  only  in  comparatively  high  d^prees  of  myopia,  for  example^  highc^ 
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than  {» and  in  these  degrees  the  straightened  diiection  of  the  retinal  ves- 
selsy  espedaUy  ftt  the  side  of  the  atrophy,  is  not  to'be  mistaken.  Parti- 
cularly remarkable  in  this  respect  are  those  cases  where,  in  the  same 

person  only  the  one  eye  is  strongly  myopic,  or  at  least  is  much  more 
strongly  myopic  than  the  other.  On  the  whole  the  connexion  be- 
tween the  degree  of  the  myopia  and  of  the  different  changes  in  the 
fundus  oculi,  independently  of  the  time  of  life,  is  in  these  cases  most 
strikingly  brought  to  light. 

Other  deviations,  to  which  highly  myopic  eyes  are  liable,  as  effn- 
sion  of  blood,  detachment  of  the  retina,  giancomatons  degeneration 
of  the  nerve-sorfaoe  and  opacity  of  the  lens,  are  not  constant  and  not 
snifiGiently  peculiar  to  M,  to  justify  their  description  here  as  the 
simple  results  of  a  further  development  of  M.  More  correctly  might 
chorioiditis  disseminata,  to  be  treated  of  in  the  following  section,  be 
referred  to  M. 

Movable  flocculi  in  the  vitreous  humour  are,  on  the  contrary,  as 
I  have  remarked,  but  seldom  absent  in  high  degrees  of  M. 

We  have  still,  in  condnsion,  two  important  questions  to  treat  of: 
first,  how  far  tiie  atrophy,  abonre  described,  is  constant  in  myopia ; 
secondly,  whether  it  occurs  only  in  M,  and  is,  therefore,  characteris- 
tic of  the  latter? 

Von  Graefe  established  that  in  ten  cases  of  high  degrees  of  M,  the 
atrophy  alludtul  to  (by  him  attributed  to  sclerotico-chorioiditis) 
occurs  at  least  nine  times.  Ed.  von  Jaeger  had  perhaps  earlier 
arrived  at  a  similar  result,  and  all  other  observers  agree  therein. 
According  to  my  experience  we  may  go  still  further. 

As  I  have  already  remarked,  slight  degrees  of  myopia  may  exist 
in  young 'persons  without  atrophy,  but  whether  the  myopia  have 
remained  stationary,  or  have  been  further  developed,  in  the  fortieth 
year  traces  of  atrophy  are  usually  no  longer  absent.   Even  after  the 

thirtieth  year  Ifound  with  M  >  ^  the  atrophy  only  three  times  wholly 

absent,  and  stiU  with  M  >  ^  it  was  present  in  every  case  but 

five.  We  are  therefore  justified  in  saying  thnt  mj/ojna  depends  on  a 
condition  in  wkiek  ike  developmetU  of  atrophjf  is  inelmded.  In  the 
following  section  it  will  more  fully  appear  that  M  may  also  ex- 
ceptionally be  produced  by  some  other  changes  of  form  of  the 
eyeball ;  but,  singularly  enough,  in  those  cases  in  wUeh  morbidly 


Digitized  by  Google 


386  MYOPIA. 

developed  greater  convexity  of  the  comeB  contributed  to  tiie  the 
atrophy  peculiar  to  ttaphjloma  pciBticnm  is  foimd  only  estremelj 
farely  entirely  absent. 

As  to  the  seoond  qoestion^  we  cannol  oonnder  the  atrophy  de^ 
scribed  to  be  completely  characteristic  of  M.  We  often  see,  at  leaai 
in  mature  age,  alight  traces  of  atruphy  at  the  outer  margin  of  the 
nerve-surface,  sometimes  even  an  annular  or  circidar  atropLv,  with- 
out M  being  present ;  twice  I  have  observed  it  even  with  certain 
degrees  of  U.  We  cannot  assume  that  in  all  of  these  cases  M  has 
existed  at  an  earlier  period,  and  has  disappeared  in  consequeDce  of 
senile  changes  in  the  ^e  (compare  p.  206).  In  the  second  plaos^  » 
peculiar  form  of  atrophy  not  nnfioeqiiently  occurs  around  the  nerre* 
surface  in  glaucoma.  This  is  annular^  and  attains  only  a  modente 
magnitude;  evidently  ihe  chorioidea  is  here  also  atrophic,  which 
atrophy  appears  to  me  to  be  connected  with  the  excavation  of  the 
nerve-surface :  probably  in  this  case  inflammation  is  also  in  opera- 
tion. 


NOTE  TO  SECTION  27. 

The  ophthalmoscopic  investigation  of  strongly  myopic  individuals  in  the 
non-iiivertod  image,  for  which  the  use  of  a  highly  negative  eye-piece  is 
necessary,  requires  a  great  deal  of  practice.  Kd.  von  Jaeger  thinks,  how- 
•  ever,  that  there  is  some  advanta^'e  in  this  method,  and  in  any  ease  practice 
is  desirable,  because,  as  we  have  already  seen,  we  may  in  the  glass  required 
find  an  indication  of  the  degree  of  the  myopia.  But  for  ordinary  cases, 
examination  in  the  inverted  image  is  qnite  sufficient.  Without  the  use  of 
an  object-glass,  the  inyertsd  image  of  the  ftrnduB  oonli  stands  befiite  the 
myopic  eye,  at  the  distanoe  for  whioh  the  latter  is  aeoommodated.  With 

M  ss      ^1      it  will,  therefore,  stand  about  2,  3,  n  inches  before 
8    o  II 

the  eye,  so  that,  in  high  degrees  of  M,  removing  lomewhat  more  than  asoal, 
we  asn,  without  the  intervention  of  any  glasses  whatever,  looking  direcdy 
through  the  opening  of  the  mirror,  see  the  image.  But  it  is  better  to  add  a 
eoUYex  object-glass  to  the  observed  eye,  whereby  the  field  of  vision  becomes 

larger  and,  by  movement  of  the  glass  in  the  vertical  plane,  extends  alternately 
in  diflerent  directions.  In  the  choice  of  this  object-glass  we  i'nul  oureelves, 
however,  in  adifiicult  dilemma:  if  we  select  one  too  strong,  the  image  becomes 
quite  too  small ;  if  w(!  choose  one  too  weak,  we  obtain  too  small  a  field  of 
vision.  The  too  small  image  we  can  partially  counteract,  by  combining  a 
pretty  strong  eye-piece  with  the  ophthalmoscope,  whereby  the  observer  can, 
without  any  effort,  see  the  littia  inTietled  image  very  near,  and  msgni- 
fied :  in  general,  when  the  investigaior  is  not  myopic,  ineh  a  eonvex  gUM 
is  to  be  rsoommanded.  Theiafore  a  pretty  etnmg  object-glaai^  with  lAidi 
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thk^  magnifying  is  less,  but  the  field  of  vision  is  grMtor,  M  advantageons, 

axid  this  is  to  be  combined  with  a  tolerably  strong  eye-piece. — Liebreich 
rc?iiv  Jtir  Ophth.,  JJd.  vii.,  2,  p.  130)  has  proposfd  a  particular  method  of 
ejicaraining  very  highly  myopic  eyes.    He  uses  no  object-lens,  but  only  a 
strong  eye-piece,  and  with  this  approaches  the  eye  so  much  that  the  iris 
lies  nearly  in  the  focus  of  this  lens,  so  that  the  iris,  in  a  certain  sense,  dis- 
apjjears  and  a  very  large  field  of  vision  is  obtained.    At  the  same  time,  the 
ixL verted  image  must  come  to  lie  between  iliu  eye  observed  and  the  lens,  in 
oxder  tbat  it  may  be  seen  through  the  latter.   This  is  to  be  attained  in  H 

^  with  a  leas  of  nearly       ^.  Tk^n  we  have  really  the  advantage  of  see- 
ing a  large  ilaU  of  Yiaioa  imdflr  a  rtvoiig  ntgnifying  poirar. 

In  opIiUitliiiotople  invwtigatkii  in  the  mTertod  image,  we  look  astiuoogh 

a.  oompoond  microscope,  whereof  the  dioptric  system  of  the  observed  eye»  with 
the  lens  held  before  it,  is  the  object-glass,  while  the  lens  held  before  the  open- 
ing  of  the  mirror  is  the  eye-piece,  through  which  the  eye  of  the  observer 
views  the  inverted  image  of  the  fundus  oculi  formed  by  the  object-glass.  The 
weaker  the  object-glass  is,  the  shorter  is  the  distance//'  from  the  fundus  oculi 
B  to  the  resulting  nodal  point  A',  and  the  greater  the  distance  i/  from  the 
image  /3  to  the  resulting  nodal  point  ^'. — ^ow,  as  /3  :  B  =  ^  :     it  appears 

that  the  magnifying  ^  of  the  inverted  image  ie  greater,  the  weaker  the 

object-glass  is.  But  in  this  it  is  farther  inolnded,  that  the  increased  length 
of  the  visual  axis  in  M,  at  deteraliiing  especially  the  magnitade  of  g't  is 
eo-operating  oaoie  of  the  slight  magnifying  of  the  iBTerted  image.  If, 
indeed,a  ahorter  ladioa  of  onryatnre  of  Uie  nirfaoe  el  the  oomea  or  of  the 
lens,  without  any  ehange  in  the  length  of  the  visual  axis,  were  the  oanse  of 
the  M,  /  would  be  less;  and  if  now»  while  the  inverted  image  was  at  the 

same  distanoe  from  the  eye,  g"  coutinued  unchanged,  the  magnifying 

would  prove  greater. 

If  there  was  any  object  of  known  and  constantly  equal  magnitude  in  the 
fundus  oculi,  it  would  be  a  problem  from  the  size  and  position  of  its  inverted 
image  to  deduce  the  length  of  the  visual  axis  in  life. 


§  28.  Anatomy  or  thb  Myopic  £ib. 

In  the  preceding  paragraphs  we  liave  seen,  that  M  depends 
almost  exclusively  upon  the  prolongation  of  the  visual  axis^  connected 
with  staphyloma  posticiun.  We  have  therefoie  here  little  more  to  do 
than,  ill  the  fint  place,  to  describe  the  changes,  which,  under  these 
circamstancesy  occur  in  the  ej^  and  in  the  second  place  to  trace 
their  development.  This  will  therefore  form  the  subject-matter  of 
this  paragraph.  But  if  we  comprise  all  together^  which  may  lead  to 
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M  in  the  dioptiio  seiue  of  the  woid,  that  is,  to  a  condition  of  the 
eye  in  which  the  focns  lies  in  front  of  the  letinay  we  may  disttngiddi 
the  following  derations 

1.  More  than  ordinary  convexity  of  the  cornea. 

It  is  evident  that,  when,  all  parts  of  the  eye  being  equal,  the  cornea 
is  more  convex,  M  must  be  the  result.  Now,  until  the  most  recent 
period  M  was  therefore  by  many  attributed  to  a  greater  convexity  of 
the  cornea.  Our  measurements  have,  however,  led  to  the  unexpected 
xesoit^  that  mjopes  haye,  on  an  a^rage,  a  less  convex  comea  than 
emmetropes  (oompaie  p.  80),  and  we  may  add,  that  in  the  most 
highly  myopic  persons,  the  cornea  is  the  flattest  If,  for  exampliv 
we  divide  the  84  eyes  measured  hy  us  into  three  dasses:  the  first  ol 

Ms=l:r6  to  1:4;  the  second  from  1 :4  to  1 :10;  thethirdfrom  ~ 

in  the  first  class,  the  radius  in  the  visual  lin9  ^  =  7*93 
„    second  „      „      „      „      „        =  7*820 
„    third    „  =  7*867 

In  emmetropes  I  found  on  an  average  f  =  7*785. 

In  the  most  highly  myopic  individuals  a  long  radius  of  the  cornea 
is,  in  factj  the  rule.  We  had  formerly  measured  the  following 
cases 


WithM 

=  1 : 1-G^8 

.,,      P°— 8-21 

w 

=  1:2-625 

=  7-885 

»t 

=  1:2-66 

p°  =  8-06 

»> 
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99 
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=  1 : 8-76 

P*»  =  7-97 

99 

=  1:3-75 

P°=8'02 

>> 

=  1:4 

  p*»=7-96. 

and  subsequent  observatioos  have  cuulirmed  our  result.  This  par- 
ticularly 1,'rcat  radius  with  veiy  high  M  is  connected  with  the 
distended  form  of  the  eye;  in  ordinary  cases  we  may  say,  that  in  - 
myopes  similar  differences  occur  in  the  radius  of  the  comea  as  in 
emmetropes. — Nevertheless  a  morbid  condition  of  the  comea  may 
make  the  focns  of  an  otherwise  normal  eye  fall  in  front  of  the  retina. 
In  the  first  place^  the  increased  convexity  of  the  cornea  occurs  as  a 
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i-esolt  of  inflaminatioo,  whereby  the  tnmsparenej  is  rendered  imperfect^ 

r  iud  the  conratore  is  nsuallv  so  irrej'ular  that  under  the  asUi'uiatisiii 
tlience  derived  the  acuteftess  of  vision  suffers.  In  the  second  place, 
there  is  the  peculiar  morbid  process  known  under  the  name  of  conical 
eoinea^  of  which  I  shall  have  to  speak  in  treating  of  irregular 
astigmatism.  In  the  oommeDcement  this  simulates  an  ordinary 
M  with  amblyopia. 

i^.  SkoH  faeal  diiianee  of  ike  ery^alUne  lent. — Determinations 
during  life,  with  the  aid  of  the  ophthalmometer,  and  direct  mea- 
surements after  death,  prove  that,  with  respect  to  the  crvstalline 
lens,  as  well  as  to  the  cornea,  individual  differences  occur ;  but  if  it 
has  appeared  that  the  cornea,  except  in  its  morbid  changes,  plays  no 
part  in  — of  the  crystalline  lens,  it  is  at  least  not  proved,  that  it 
ahonid  have  a  shorter  focal  distance  in  myopic,  than  in  emmefaw^c 
eyes.  80  fSiff  as  measoiements  exist,  rather  llie  contrary  has  appeared 
to  be  the  case,  Percy  and  ReveilM-Parise  [Hygiene  oculaire,  p.  82) 
state  expressly,  that  in  myopes  the  crystalline  lens  is  not  more  con- 
vex. Tlie  distinguishing  a  particular  form  of  M,  as  has  been 
assumed  by  SteUwag  von  Caiion  and  £d.  von  Ja^^,  as  the  result 
of  partial  aeoommo^on  for  near  objects,  we  have  formerly,  as  I 
think  npon  good  grounds,  opposed  (compare  p.  $5S). 

S.  Bidoeaikm  of  ike  eryeialline  lent, — Two  cases  have  ooenrred 
to  me  in  which  partial  laceration  of  the  zonula  Zinnii,  the  one  the 
result  of  concussion,  the  other  of  actual  injury,  gave  rise  to  a  slight 
degree  of  M.  The  one  case,  in  which  the  crvstalline  lens  acquired 
a  somewhat  oblique  position,  is  described  in  the  following  Chapter, 
treating  of  Astigmatism.  These  cases  are  in  favonr  of  Helmholtz' 
view  that,  under  the  influence  of  tension  of  the  sonnla  Zinnii,  the 
djstsIUne  lens  is  flatter. 

4.  Dhplaeemeni  or  more  anterior  ponHm  of  ike  eryeialline  letie, 
— This  might  really  give  rise  to  a  certain  degree  of  M.  But  we 
know  that  in  the  hypermetropic  eye  the  lens  lies  closer  to  the  coniea, 
while  in  the  myopic  it  is,  on  the  contrary,  more  remote  from  it. 
Hence  it  is  sufficiently  evident,  how  little  right  we  have  to  bring 
into  connexion  with  it.  Two  esses  may  here  he  briefly  related. 
One  isy  that  of  luxation  of  the  crystalline'  lens,  in  consequence  of  a 
violent  concussion  of  the  eye,  wherehy  it  was  forced  tiiroagh  the 
pnpfl  into  the  anterior  chamber,  and  placed  itself  very  regularly  im- 
mediate] v  behind  the  cornea.  In  this  case  M  had  actually  arisen, 
in  part  probably  in  consequence  of  increased  convexity.    The  man 

24 
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did  Dot  comply  vith  my  request  to  place  himself  at  once  under 
treatment^  and  wbea  he^  not  knowing  what  to  do,  i^eared  a  conple 
of  months  later,  the  eye  was  painful,  hard%8  a  stone,  and  had  be- 
come blind  in  oonsequenoe  of  the  aaperrentbn  of  gbnooma.  The 
lens  was  removed,  but  the  eye  continiied,  of  coars^  Umd. — The 
aeoond  case  was  that  of  a  considerable  degree  of  myopia,  with  raHier 
soft  eyeball  and  extraordinarily  deep  chamber,  with  the  iris  highly 
concave  forwards.    After  this  state  had  lieen  long  observed,  without 
anv  known  cause,  in  the  course  of  twenty-four  hours  an  altered 
position  came  on :  the  concave  surface  of  i]w  iris  became  convex 
anteriorly,  whereby  it  came  to  lie,  together  with  the  lens,  very  dose 
to  the  cornea.   The  myopia  must  therefore  have  somewhat  in- 
creased ;  bnt  in  consequence  of  the  alight  aoonxaey  of  vision  it  was 
not  possible  to  determine  this  with  certainty.   In  the  laat  position 
the  eyeball  had  become  firmer,  and  evidenUy  the  vitreona  homonr 
mnst  now  have  been  again  secreted  nnder  higher  pressure  than  tiie 
aqueous  humour :  the  reverse  had  previonsly  abnormally  existed  and 
the  iris  with  the  lens  Imd  been  pushed  backwards. 

5.  Modijica lions  in  the  coefficient  of  refraction  of  the  dijfermt 
media  are  indeed,  rather  hj'pothetically,  assumed  as  caii^^es  of  M. 

6.  InJlammaUon  of  the  anterior  part  the  sclerotic,  often  com- 
bined with  so-called  kyklitis,  may  have  given  xiae  to  extension  of 
the  anterior  part  of  the  sclerotic,  and  thus  to  prolongation  of  the 
visual  axis,  of  which  M  is  the  result. 

7.  Spam  of  aeeommodation,  and  therefore  the  several  mgamc 
causes  of  this  spasm,  render  the  emmetropic  eye  myopic.  To  this 
head  belong  the  cases  of  so-caUed  intermitting  M.  Here  an  ano- 
maly of  accommodation,  not  of  refractiou,  is  in  question. 

After  this  enumeration  of  unusual  deviations,  which  may  form 
the  basis  of  M,  I  now  pass  over  to  the  consideration  of  the 
typical  form  of  M,  the  eye  wiUi  ataphyloma  posticum.    It  occiirs 
nnder  two  varieties.   There  are;,  namely,  cases,  in  which  the  eye  is 
uniformly  enlaiged  in  almost  all  its  axes,  and  in  which  its  condition 
thus  appfoaehes  to  the  congenital  buphthalmos.   In  true  buphthal- 
mos  we  found  a  flat  cortiea  and  extensive  atrophy  in  the  fundus 
oculi,  in  a  case  with  still  tolerable  power  of  vision^  but  with  an  extra- 
ordinary degree  of  M,  so  that  the  person  who  had  bu])ht]iahiios  on 
one  side,  had  considered  the  eye  so  affected  to  be  blind,  until  I 
showed  liim  that  at  the  distance  of  l^  '  he  was  able  to  read  with  it. — 
In  by  far  the  great  minority  of  cases,  however,  the  visual  axis  has 
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Lxscieased  much  more  in  length  ihan  the  other  axes,  and  the  eje 
sicbibits  a  tolerably  regular  ellipsoidal  form^  as  has  already  been 

represented  bv  Scarpa  * 

I  here  append  the  ascertained  lengths  of  the  different  axes  in 
some  myopic  eyes. 

Tisoal  8118.         Horizontal  axis.         Vertical  axis. 

880  26-8  j55-6 

81-7  «60  £4-7 

810  26-5  260 

30-0    27-5    25-4. 

28-5  24-3  24-0 

Ton  Jaegert  has  also  measured  a  great  number,  in  which^  too,  the 
pfolongation  in  the  Tistial  axis  was  always  the  most  lemarkable.  In 
inoflt  cases  the  apex  of  the  sdevotic  ellipsoid  corresponds  about  to 
tlie  axis  of  the  comeay|  and  from  the  relaxation  of  the  membranes 
iti  this  place  it  appears^  that  the  atrophy  has  here  attained  the  highest 
degree ;  sometimes  along  with  the  original  distention  a  second  is  here 
present,  where  apparently  the  membranes  have  offered  still  less  resist- 
ance to  the  pressure.  While,  therefore,  the  apex  corresponds  more  or  less 
perfectly  to  the  r^on  of  the  yellow  spot>  which  has  approached  the  axis 
of  the  comesy  the  optic  nerVo  has  removed  more  than  ordinarily  to- 
wards tiie  inside  (Cmnpare  Yig.  144).  In  other 
cases  the  apex  Hes  tether  from  the  axis  of  the  Fig^l44. 
cornea,  and  indeed  in  different  directions,  but 
especially  inwards,  whereby  it  may  coincide  about 
with  the  optic  nerve.    Sometimes  the  latter  is 
said  to  be  here  impknted  as  on  a  second  dis- 
tention.  I  have  never  seen  this ;  but  there 
rather  occurs  at  the  base  tii  the  optic  nerv^  frmn 
yidding  of  its  external  fibrous  ^eath,  a  thick- 
ening to  8  mm.  and  more,  which  suggests  the 
idea  of  a  second  distention  of  the  sclerotic  (Compare  Fig.  146). 
Von  Jaeger  says  he  has  found  the  apex  of  the  enlargement  even  to  the 
inside  of  the  optic  nerve. 

In  high  degrees  of  staphyloma  postieum  the  eye  when  taken  out 
rapidly  becomes  soft  and  flaodd;  and  near  the  posterior  pole  the 
membranes  are  so  thin  and  transparent,  that  there  the  well-known 

•  Trai'te  pratique  des  maladies  d<  s  t/eux,  Traduit  par  Leveille.  Paris, 
chez  Bertrand,  1807,  Tome  II.,  p.  190.  f  I.e.,  p  262. 

X  Compare  also  Dr.  Josef  Hitter  von  ilaaner,  KliniscJie  VorttSge  vber 
Auyenheilkunde,  Prag,  1B60,  p  19.  2 
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bluish  appearance  occurs  which  is  peculiar  to  staphyloma  sclerotica 
aiiticum.  Turning  the  distended  part  to  the  light,  ^^  c  s(  c  through  the 
pupil  the  fundus  ocuh  quite  clearly  illuniinated.  Even  m  lii'e,  when 
the  comea  is  sironglj  turned  inwards,  the  bluish  colour  of  the  sts- 
phyloma  porticnm  is  sometimes  visibb;  and  a  case  occoired  to  me^ 
in  which  the  whole  visible  sclerotic  had^  through  general  attenuation, 
acquired  a  very  disagreeable  uniformly  blue  appearance. 

In  order  now  to  examine  the  eye  further,  we  make,  either  in  the 
fresh  state  or  after  hardening  in  a  solution  of  chromic  acid,  a  section 
in  a  plane  passing  through  the  middle  of  the  cornea  and  of  the 
optic  nerve,  taking  care  that  it  does  not  pass  the  apex  o£  the 
staphyloma.    It  now  appears  that  the  §eleroiie  has  eveiTwIioe 
become  thinn^ ,  and  indeed  increasinglj  so  towards  the  posterior 
pole;  that  it  is  in  general  more  attenuated  at  the  outside  of  the 
globe  of  the  eye  than  at  the  inside,  and  that  near  the  apex  of 
the  ellipsoid  it  is,  in  the  highest  degrees,  not  much  thicker  than 
a  sheet  of  paper^  nay  that  in  some  points  its  fibres  are  even 
separated  from  one  another.    In  the  second  place,  we  observe  that 
the  iris  and  the  leiu  are  moved  more  backwards.   The  same  is 
true  of  the  proee$9u$  eiliam,  and  more  than  once  I  have  seen  that 
the  fim§eulus  eiUaris  also,  with  prolongation  and  attenuation  of 
the  vitreous  fibres,  which,  derived  from  the  membrana  Descemetii, 
serve  as  origin  to  the  muscle  in  question,  commenced  farther  from 
the  cornea  than  in  the  normal  eye,  and  was  at  the  same  time 
longer,  flatter,  and  more  or  less  atrophic.    This  we  find  decidedly 
when  the  anterior  part  of  the  sclerotic  also  is  considenUy 
attenuated,  which  is,  however,  by  no  means  the  rale.   In  like  man* 
uer,  in  ordinary  cases,  the  anterior  part  of  the  ekorioidea  is  almost 
quite  normal,  and  is  only  towards  the  back  part  progressively  atte- 
nuated and  discoloured.    In  general  the  chorioidea  can  with  tolera- 
ble ease  be  separated  from  the  sclerotic,  but  in  proportion  as  we 
approach  the  atrophic  parts,  it  must  be  removed  with  the  greater 
care,  becanse  the  membrane,  while  it  increases  in  thinness  and  fine- 
ness, becomes  at  the  same  time  more  homogeneous  and  more  easilytom. 
On  aU  sides  we  can,  however,  recognise  and  isolate  the  choriddes, 
atrophic  as  it  may  be.  Von  Jaeger  has  found  this  to  be  the  case  in 
numerous  eyes,  and  even  in  1856  I  saw  it,  in  the  collection  of  Stcllwag 
von  Carion,  illustrated  by  excellent  preparations.    The  chorioidea 
usually  eidjibits  the  greatest  attenuation  immediately  at  the  optic 
nerve,  firom  whidi  it  is  now  easily  separated ;  the  sclerotic,  on  the  con- 
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trary,  is  thinnest  at  the  posterior  poh'.  According  to  von  Hasner, 
the  retina  is  more  intimately  connected  with  the  chorioidea  at  the 
margin  of  the  atrophy. — We  view  the  chorioidea  on  its  inner  surface, 
after  having  carefully  removed  the  vitreous  humour  and  the  crystal- 
line lens  together  inih  the  retina.  It  is  seldom  that  in  the  eye 
hardened  anteriorly  any  pigment  oontinnes  adherent  to  it;  but,  on  the 
other  hand^  in  two  eyes  examined  by  me,  a  part  of  the  enter  layer  of 
the  retina  remained  connected  with  the  pigment,  especially  in  the 
region  of  the  eqnator  of  the  eye :  they  were  taken  from  a  woman 
aged  66 ;  in  other  eyes  examined  by  me,  I  have  not  seen  this.  In 
this  woman  occurred  also  the  well-known  elevations  (compare  p.  192) 
on  the  vitreous  membrane  of  the  chorioidea,  which,  where  the  cho- 
rioidea is  not  yet  veiy  atrophic,  can  always  be  easily  isolated*  If 
we  now  bring  nnder  the  microscope,  a  long  slender  portion  of  the 
chorioidea,  extending  &om  the  ora  serrata  to  the  optic  nerve,  iso- 
lated from  the  sclerotic  and  carefully  treated,  so  that  no  pigment  is 
lost,  with  the  inner  surface  upwards,  we  can  study  the  transitions 
from  the  normal  condition  to  the  most  perfect  atrophy.  In  the  iirst 
place  it  appears,  that  the  pigmeDt-epitheliom  is  less  uniformly 
coloniedy  and  that  tiie  ceUs  are  laiger,  and  pobaps  also  flatter  than 
in  the  normal  eye ;  ontside  the  highly  reflecting  atrophic  crescent, 
where  they  are  actually  wanting,  they  form,  however,  a  perfect  layer. 
If  the  atrophy  be  difl'use,  transition  forms  occur,  and  we  observe 
that  the  cells  gradually  disappear,  leaving  only  pigment-granules 
more  or  less  collected  in  groups.  The  dark  black  spots,  which  we 
observe  with  the  naked  eye  or  with  a  magnifying  glass,  particnlarly 
in  this  diffuse  form,  scattered  here  and  there,  exhibit  no  i^j^ar 
odls,  but  perfectly  black,  irregular,  angular,  mutually  coherent 
masses,  between  which,  and  also  around  which,  we  sometimes  find 
colourless  atrophic  chorioideal  tissue.  Grey  spots,  on  the  contrary, 
surrounded  by  similar  black  pigment,  I  saw  resting  on  normal  cho- 
rioideal tissue,  which  glimmered  more  feebly  through  them. — If  the 
cell  membranes  disappear  firom  the  pigment-epithelium,  while  the 
pigment-granules  remain,  the  reverse  holds  good  with  respect  to  the 
pigmmU,  belonging  to  the  ^Uroma  if  ike  ekoricidea*  This  is  observed 
most  distinctly  when  the  pigment-epithelium  has  been  washed  away 
with  a  pencil.  In  the  first  place  it  then  appears  that,  even  in  cases  of 
circumscribed  crescent,  the  stroma  has  already  got  remarkably  pale, 
where  it  was  still  sufficiently  covered  with  pigment-epithelium ;  and 
in  these  decolorized  parts  the  ramified  pigment-ceils  of  the  intervas- 
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colar  tpaoes  are  equally  distinctly  viable,  but  aie  poor  in  pigmeot- 
gimnuies,  which  towards  the  atrophied  side  progressively  dimifiiiJi 

and  finally  (lisapjx'ar,  while  the  ramified  cells  themselves,  novenbtiess, 
continue  present.    In  the  darker  placei?,  on  the  contrary,  where  the 
chorioidea  also  has  maintained  about  its  regular  thickness^  the  pig- 
ment-cells appear  perfectly  normal.—- The  large  veueh  of  the  ontflr 
layor  of  i!b»ckmoii»a  I  found  in  the  normal  and  little  atrophied  paiCa 
very  highly  congested  with  blood,  more  so  than  is  nsnaUy  tbe  case 
onder  ordinary  circumstances  in  normal  eyes.  In  consequence  of  tlda 
the  membrane  had  a  red,  striped  appearance.  The  <ame  sanfruineous 
congestion  was  exhibited  in  the  same  place  in  (he  most  rt markable 
manner  by  the  chorio-capillaris  \  but  in  proportion  as  we  approached 
the  atrophied  part,  the  blood  diminished  in  the  vessels,  and  at  length 
wholly  disappeared.   Here  the  thin  memlHrane  which  remained  ftom 
the  chorioidea  gradually  acquires  such  homogeneousnesa^  that  it  is 
difficult  to  suppose  that  the  vessels  should  have  retdned  any  calibic^ 
altliouf:b,  with  a  strong  magnifying  power,  we  can  still  very  well  per- 
ceive the  large  ve  ssels,  and  sometimes  even  tbe  chorio-capillaris, 
surrounded  with  granular  matter.    Besides,  the  largtT  chorioidea! 
vesseb  long  continue  to  carry  hlood,  when  the  cliorio-capiQaris  is 
already  closed.   I  am  sure  that  on  the  white  reflecting  crescent,  on 
which  we  often  still  see  some  larger  chonbidesl  vessels  mnning^  the 
chorio-capiUaris  is  wanting,  not  only  because  it  was  not  filled  on  a 
very  successful  injection,  but  also  because  we  do  not  see  it  in  life. 
If  there  be  a  red  or  dark  background,  it  is  invisible  when  magnified 
by  the  ophthalmoscope  on  account  of  the  transparency  and  the  slight 
reflecting  power  of  the  thin  layer  of  blood ;  but  if  the  background 
be  white^  it  ought  to  manifest  itself  by  a  reddish  tint,  and  even  to  be 
visible  as  a  network. 

The  foregoing  description  has,  in  general,  reference  to  the  highest 
degrees  of  staphyloma  posticum,  in  which  the  defined  atrophy,  j)er- 
ceptiblc  with  the  ophthalmoscope,  lias  already  \'isibly  connected 
itself  with  a  diffuse  atrophy.  It  has,  however,  seemed  to  me,  that 
diffuse  atrophy  occurs  also  where,  on  account  of  the  tolerably  perfiect 
pigment-epithelium,  it  appears  during  life  only  from  the  great  mu- 
tual distance  of  the  still  blood-carrying  larger  vessels  of  the  chorioides. 

In  staplu  loina  posticum  the plaee  vAere  iAe  optic  nerve  etUen  He 
eye  is  important.    Some  years  ago  T  investigated  this  place  in  the 
normal  eye.*    It  then  appeared  to  me,  that  the  trunk  of  the  optic 
•  Archie  fur  Ojthihal.,  Bd.  L  h.  2,  pp.  82  et  teq.  1855. 
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nerve  is  already  divided  by  fibrous  tissue  into  the  numerous  small 
bundles  into  wliich  it  at  once  separates  on  issuing  as  retina,  and 
thus  differs  essentially  in  its  stracture  from  other  gradually  ramifying 
nerve-trunks ;  that  it  possesses  a  thuile  fibrous  sheath,  an  external 
and  thicker  one^  a         145)^  which  is  continiied  at  d  into  the 

Fig.  145. 


most  external  part  of  the  sclerotic^  and  an  internal  one  which  en* 
▼elopes  the  tronk  as  &r  as  the  chorioidea  is  connected  with  the 
latter,  and  hends  close  to  it  into  the  there  pigment-containing  sclerotic 

l)y  while  at  the  same  time  the  lamina  cribrosa  g  for  the  most  part 
procet'ds  therefrom,  and  is  only  to  a  small  extent  formed  by  the  cho- 
rioidea. Between  the  two  fibrous  slieathi',  a  and  b.  is  a  thin  laver 
of  loose  connective  tissue,  the  connective-imue-shealh  c,  consisting 
of  a  network  of  sharply-defined  fasciculi,  w  hich  ascends  to  c  close 
to  the  lamina  cribroea.  Even  beneath  the  lamina  cribrosa  at  h  the 
nenre*fibres,  as  Bowman*  first  stated^  lose  their  meduliary  skeatJk, 
whereby  the  nerve  becomes  thinner  and  at  the  same  time  transparent. 

*  Lectures  on  ik»  parU  cmM^rmd  in  ihM  Qp$ralimi»  im  the  E}f%^  LondoB, 
1849,  p.  82. 
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These  thinner  fBScicali  now  pass  through  the  so-called  iMwina^  cn- 
biosa^  which  may  be  regarded  as  a  streDgthening  of  the  neankmnt 
of  the  Bepaiate  bnndlee,  and  of  whidi  a  fine  oontunution  can  lie 
tiBoed  between  the  bundles  of  the  fibrona  layer  of  the  retmn.  Tbe 

eMorioidea  ap{>ear8  to  terminate  abruptly  at  the  margin  of  the  nerve, 
because  the  pigment,  which  is  here  largely  accumulated,  actually 
ceases,  nor  are  the  chorioideal  vessels  continued  further;  but  it* 
tissue  nevertheless  surrounds  the  fasciculi  of  tlie  optic  nerve,  and 
thus  really  contributes  to  the  formation  of  the  lamina  cribrosa.  So 
the  chorioidea,  both  through  ita  connexion  with  the  internal  sheath 
b'  of  the  optic  nenret^  and  by  its  prolongation  among  the  nerve-tiaaoey 
is  here  firmly  attached,  .^most  direetly  at  the  phicc^  where  its  pig- 
ment commences,  the  dements  of  the  deeper  retinal  layera  be^in  to 
show  ihemaelTes,  over  whieh  the  nerve-layw  now  expands. — If  with 
this  we  compare  the  section  of  the  entrance  of  the  optic  nerv  e  in 
highly-developed  staphyloma  posticum  (fig.  146)  it  will  appear 


that  the  ettiemai  tkeaik,  a,  escapes  near  the  sclerotic  from  the  nerve, 
that  a  amall  part,  a',  here  turns  inwards,  bat  that  the  greatest  part,  a% 


Mi 
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inclines  outwards  towards  the  sclerotic ;  that»  on  the  contrary,  the  inner 
sheath,   continues  doeely  to  snnoand  the  nerve ;  near  the  nerve-sor- 
faoe/fofms  the  lamina  erihiosa,  and  now  peases  at  ^'ontwaids  into  the 
sclerotic, mnning  tomeet the  fSMcienlas,  a,  of  the  oater  sheath  tam- 
ing inwards.    This  thin  fasciculus,  a  b\  bounds  the  loose  connective 
tissue,  Cy  which  here,  c,  has  acquired  a  great  breadth,  and  is  therefore 
evidently  very  much  extended.  The  sclerotic  consequently  here  consists 
almost  exclusively  of  a  thin  fasciculus,  a  b'j  derived  from  the  two 
nerve-sheaths,  and  this  is  covered  anteriorly  by  the  completely  atro- 
phic pigmentleas  chorioideay  d'.   It  appears^  that  the  nerve,  which 
here  exhihita  sapeiiorlj  a  perhaps  accidental  thickening,  after  its 
fibres  have  lost  the  medullary  sheath,  is  still  thinner  than  in 
ordinary  cases,  and  thns  goes  inwards,  through  a  smaller  opening  in  the 
chorioidea,  sometimes  in  an  oblique  direction,  in  order  immediately 
as  retina,  n  n,  to  spread  itself  over  the  anterior  surface  of  the  atr{)[)liic 
chorioidea.    In  the  instruetive  drawings  given  by  von  Jaeger,*  one 
of  which  T  have  here  copit  d  (Fig.  147),  the  sheath  of  connective 
tissue  has  for  the  most  part  not  only  extended  upwards,  but  an  ex- 
tremity of  it  also  stretches  between  the  layers  of  the  sclerotic  Von 
Jaeger  fiirthar  remarks^  that  the  internal  extremity  of  the  nerve;,  with 
early  bending  and  spreading  of  its  fibres,  iq^pears  as  it  were  dntwn 
within  the  eye:  in  Fig.  147  (after  Jaeger)  the  lamina  ciibrosa  and 

Fig.  147. 


the  place  where  the  nerve-fibres  lose  their  medullaiy  fibres,  really 
appear  to  have  approached  nearer  to  the  retina,  • 

The  retina  has  in  general  a  normal  appearance.  It  is  hard  to  say 
whether  it  is  more  or  less  attenuated  in  one  place  or  another;  bnt 
thus  much  is  certain,  that  the  atrophy  in  this  membrane  cannot  be 

•  Veherdiemuiaiiuigen,9ltc,   Wien,  1861,  Tab.  i.  and  u. 
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compared  with  tliat  in  the  sclerotic  and  chonoidea.  The  extended 
conrBe  of  the  vessels,  akeady  ophthalmoscopically  seen,  can  be  emSj 
proved :  how  fu  the  proper  tisMus  is  altered^  it  is  difficult  to  asj. 
Coociiis^*  who  often  exandned  the  lefcinft  in  staphjloma  adootiae^ 
in  conseqnence  of  chozioiditas  postica,  foond^  widi  the  exertion  of 
some  empty  places  on  the  posterior  layer  (the  layer  of  rods  and 
bulbs),  no  changes  in  it.  11.  Mut'llert  thinks  that  in  one  case  he 
fuuud  the  tissue  looser;  but  he  himself  adds,  that  it  is  necessarv  to 
be  particularly  careful  in  one's  judgment  on  this  point.  In  my 
notes  I  find,  that  in  isolating  the  retina,  the  nerve-substance  on  the 
nerve-surfiBoe  very  easily  separated  from  the  lamina  cribrosa  and 
remained  connected  wiUi  the  retina;  that  in  the  toleiably  fceah  eje 
the  yellow  spot  was  sometimes  scarcely  visible;  that  the  plica  was 
formed  as  usual;  that  the  fibrous  layer  appeared  nonnal;  that  on 
sections  of  hardened  retinas  the  different  Layers,  with  the  exoeptioa 
of  that  of  the  rods,  were  admirably  to  be  seen;  that  at  the  edges 
radiating  fibres  with  adherent  granuh's  from  the  two  granular  layers 
occurred  already  isolated;  that  in  the  rcLrion  of  the  yellow  spot  the 
diifereut  cell-layers  were  distinctly  visible,  and  that  viewing  the 
recently  removed  retina  on  the  outer  surface,  a  tolerably  good  image 
of  the  layer  of  rods  and  bulbs,  which  could  be  isolated  in  the 
ordinary  way^  waa  nsoslly  obtained.  But,  what  here  has  particiilar ' 
bearing:  how  far  morbid  changes  occurred  in  these  perc^ient 
elements,  how  far  (key  were  more  separated  than  in  the  nonnal  eye, 
how  the  bulbs  in  the  yellow  spot,  and  particularly  in  the  fovea 
centralis,  arc  circumstanced  in  high  degrees  of  atrophy— on  these 
points  I  cannot  speak  with  ctTtainty. 

Eespecting  the  vitreous  humour  1  have  only  to  state,  that  in  high 
de^es  of  staphyloma  posticum  it  is  fluid  and  not  perfecUy  clear. 
The  flocculi  present  in  it  have  a  fibrous,  granular  appearance  without 
any  distinct  structure. 

If  we  now  endeavour^  from  the  facts  which  have  been  observed^ 

to  form  an  idea  of  the  development  of  staphyloma  posticum,  the 

optic  nerve  with  the  membranes  of  the  eve  and  the  nerve-surface 
itself,  will,  in  the  first  plaee,  attract  our  attention.  According  to 
ophthalmoscopic  examination^  we  have  in  these  parts  to  seek  the 

*  Utber  Olaiieam,  sto.  Leipzig,  1859,  p.  40. 

t  VarhandbuiffM  der  phy9,'mi9d,  Onetttehitft,  Wursburg,  B.  iz.  S.  liiL 
1859. 
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commencement  of  the  affiBction,  and  in  many  instances  anatomy  at 

least  does  not  oppose  this  view.    We  have  then  to  suppose  that  in 
tiicse  cases  the  disposition  consists  in  this,  that  the  sclerotic  near  the 
optic  nerve  is  more  extensible,  particukrly  to  its  outside,  aud  that  by 
t  liis  extension  theouter  sheathof  theoptic  nerve  is  aoon  a  little  removed 
from  the  latter^  and  the  sheath  of  oonnective  tissue  is  so  extended  (com* 
pare  Eigs.  145   and  146  c').   So  soon  as  this  happensy  tlie  thin  layer 
of  sclerotic  tissney  b',  situated  in  front  of  the  sheaUi  mentioDed^  must 
be  very  much  attenuated,  and  the  same  is  troe  of  the  cfaorioidea^  d^, 
connected  therewith,  and  forming,  with  the  fibrous  layer  mentioned, 
the  so-called  lamina  cribrosa,  between  the  nerve-fascicuh.    At  the 
side  of  tlu'  nerve-surface,  therefore,  the  retina  now  rests  on  an  exteiuled 
aud  attenuated  chorioidea  and  sclerotic,  which  posteriorly  further  lose 
all  support.    It  is  not  until  we  come  somewhat  more  outward  that 
we  find  the  external  sheath  of  the  optic  nerve,  a,  strengthening  the 
sclerotic.    With  this  extension,  in  the  immediate  neighbourhood  of 
the  opiie  nerre,  the  oiigin  of  the  atrophic  crescent  seema  to  be 
reallj  connected :  the  chorioidea,  d^,  is  here  united  with  the  nerve, 
both  immediately  through  the  fibres,  which  are  continued  between 
the  fasciculi  of  the  nerve,  and  mediately  through  their  con- 
nexion with  the  inner  sheath  of  the  nerve.    At  the  borders  of 
this  attachment  its  vessels  cease ;  on  any  extension,  therefore, 
obstruction  to  the  circulation  in  the  extreme  terminations  of  the 
cborio-capillaris  must  easily  arise,  and  thus  the  condition  for  incipient 
atrophy  is  supplied.   We  find  something  similar  in  the  origin  of 
emphysema  of  the  lungs  from  atrophy  of  the  most  distended  pul- 
monary vesicles,  which  thereby  also  finidly  lose  both  their  capillary 
network  and  their  pigment  Now,  if  tbe  excessive  extension  has  here 
once  begun,  and  the  resistance  is  thus  diminished,  it  is  more  unlikely 
that  the  condition  should  become  stationary,  than  that  it  slioukl  be 
progressively  developed;  and  it  actually  is  the  ruh'  that  the  atrophy 
of  the  chorioidea  advances  more  and  more,  without  the  visual  axis, 
iu  alight  degrees  of  staphylomi^  necessarily  becoming  persistently 
longer  and  longer. — The  extension  at  the  margin  of  the  optic  nerve 
takes  place  often  only  at  one  side,  and  indeed  principally  at  the 
outside,  witb  which  the  atrophic  crescent  keeps  pace  at  the  same 
side.   The  number  of  my  observations  is  not  sufficiently  great  to 
enable  me  to  form  a  positive  opinion, — but  it  appears  to  me  very 
hkely  that,  if  the  apex  of  the  staphyloma  falls  nearly  in  the  optic 
uerve,  the  outer  sheath  has  given  way  at  all  sides  of  the  nerve. 
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and  that  to  this  the  annular  and  circular  atrophy  of  the  chorioidea 
then  also  oormpond :  in  the  eye,  from  which  Fig.  146  was  taken, 
the  atiophj  was  really  circular.  If,  aa  ia  usually  the  case^  the  apex 
of  the  st^hyloma  ia  situated  at  the  outside  of  the  optic  nerre, 
atrophy  of  the  chorioidea  is  also  found  especially  at  this  side^  and 
even  the  fact,  that  the  yellow  spot,  to  whteh  the  apex  of  the  staphy- 
loma oft  I'll  corresponds,  is  situated  at  the  outside  of  and  a  little  beneath 
the  nerve-surface,  and  that  the  axis  of  the  atrophic  crescent  usually 
extends  in  this  same  direction,  indicates  most  distinctly,  that  there 
is  a  connexion  between  the  apex  in  question  and  the  direction  in 
which  the  atrophy  of  the  chorioidea  advances.  AVhether  the 
shaiply-defined  atrophy  of  the  chorioidea  does  not  reach  furtlier  than 
o?er  the  extended  connectiTe  tissue,  d',  I  cannot  decide.  Von  Jaeger 
does  not  admit  even  any  such  intimate  connexion,  and  he  asserts 
that  the  direction  of  the  atrophy  does  not  at  all  comspond  to  the 
side  where  the  shciith  of  cellular  tissue  has  given  way.  As  to  the 
narrowing  of  the  nerve-surface  in  a  direction  perpendicular  to  the 
axis  of  the  crescent,  observed  with  the  ophthalmoscope,  I  can  irive 
no  satisfactory  explanation. — Now,  in  the  ordinary  cases,  wheze  the 
optic  nerve  does  not  lie  in  the  apex  of  the  staphyloma.^  it  may  be  a 
question,  whether  the  extension  does  not  commence  nUier  in  the  ; 
region  of  the  yellow  spot,  and  only  secondarily  become  communicated 
to  the  outside  of  the  optic  nerve.  This  view  is  the  more  admisaibl^ 
not  only  because  by  it  the  position  of  the  optic  nerve  at  the  inade 
of  the  ellipsoiil  would  be  explained,  but  also  because  in  very  young 
j)ersons,  with  comparatively  high  degrees  of  M,  the  crescentic  atrophy 
of  the  chorioidea  is  still  often  absent,  or  at  least  is  very  slight.  ^Ve 
can  also  very  easily  imagine,  how  extension  in  the  region  of  the 
yellow  spot  gives  rise  to  the  atrophy.  lu  the  yellow  spot  the 
choiioidea,  which  here  abounds  in  pigment,  ia  more  intimately  con> 
nected  wiUi  the  sclerotic  If  the  membranes  here  give  way  back- 
wards, the  extension  will  be  equal  on  all  sides,  and  tiie  chorioidea 
will,  moreover,  the  more  easily  maintain  its  connexion  with  the  ade- 
rolic,  because  precisely  here  it  is  more  intimately  connected  with  it. 
If  now  the  sclerotic  too  [gradually  extends  in  the  direction  of  the 
optic  nerve,  the  chorioidea  bceoniea  very  tense  over  this  ])art,  for 
we  may  assume  the  yellow  spot  and  the  outer  margin  of  the  optic 
nerve  to  be  two  fixed  points :  at  the  attachment,  tluTcfore,  to  the 
outside  of  the  nerve-surfaoe  the  chorioidea  is  particularly  strongly 
drawn,  and  considering  that  the  cborioideal  vessek  temdnate  pie- 
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cisely  at  this  boundary,  the  production  of  atrophy  by  extension  can- 
not surprise  us ;  according  to  the  direction  of  the  tension  which 
takes  place  it  is  even  easj  to  understand  why  the  atrophy  should 
assume  the  crescentic  form.  The  atrophy  at  this  place  will  now 
oertainlj  be  still  promoted^  so  soon  as  also  in  the  immediate  neigh- 
bourhood of  the  neire  the  sderotic  is  extended,  and  thus  the 
outer  sheath  of  the  optic  nerve  gives  way  outwardly.  This  giving 
way  can  almost  without  exception  be  demonstrated,  and  it  is  attended 
with  the  necessary  consequence,  that  the  arterial  circle,  known  even 
to  Zinn,  occurring  in  the  sclerotic  around  the  optic  nerve,  as  Jaeger* 
has  shown,  is  removed  from  the  nerve.  On  the  whole,  the  outer 
half  of  the  sclerotic  is  extended  in  a  higher  degree  than  the  part 
sitnated  at  the  inside  of  the  nerve :  there  it  is  consequent!/  also  in 
general  thinner.  With  this  is  connected  the  fact  that,  as  we  have 
idready  seen  (compare  p.  182),  the  yellow  spot  removes  towards  the 
inside,  so  that  it  may  even  go  beyond  the  axis  of  the  cornea,  whereby 
the  visual  line  cuts  the  cornea  to  the  outside  of  its  axis.  That  in 
this  extensiou  atroi)hv  does  not  occur  at  tlie  outside  of  the  yellow 
spot  in  tlie  anterior  part  of  the  chorioideu  so  readily  as  at  the  inside, 
is  easily  explained  from  the  great  extensibility  of  the  chorioidea  in 
this  direction.  It  appears,  moreover,  gradually  to  move  a  little 
over  the  surface  of  the  sclerotic :  thus,  at  least,  I  think  the  re- 
trogression of  the  iris,  of  the  ciliary  process  and  of  the  chorioidea 
itself,  with  the  ciliary  mnscle  must  be  explained,  in  those  cases  in 
which  the  anterior  part  of  the  sclerotic  has  retained  almost  its  normal 
tliickucss.  However,  there  exists  everywhere  more  or  less  extennon 
of  the  chorioidea,  and  that  this  gives  rise  to  ditTuse  atrophy  and  to 
diminution  of  the  elastic  resistance,  needs  no  proof.  To  the  elastic 
resistance  of  the  chorioidea,  I  think  essential  importance  must  be 
attached.  If  the  membranes  of  the  normal  eye  be  all  cut  through 
together,  the  chorioidea  is  seen  to  retract,  leaving  the  sclerotic  bare 
at  the  edge.  This  proves  that  the  chorioidea  may  be  displaced,  and 
moreover,  proves  its  tension.  During  Ufe,  in  consequence  of  the 
vessels  being  fall,  of  the  tone  of  the  blood-vessels,  and  of  muscular 
fibres  t  scattered  here  and  there,  the  tension  of  the  chorioidea  is  on- 

•  /.  r.  p.  52. 

t  H.  Midler  (  Verhandl.  der  phys.  mrd.  CJcuelhchoff,  VViirzburg,  H.  x. 
p.  170)  has  pointed  out  these  Timscnlar  fibres,  and  also  ganglionic  cells  in 
the  oborioidea»of  thepreaenoe  of  which  KoUiker  Batisfied  bim«eli',  iu  Muller  's 
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doubtedlj  still  greater.   By  virhie  of  this  tennon  it  besn  a  part  of 

the  pressure  of  the  fluids  of  the  eye,  which  now  does  not  act  entirelT 
upon  the  sclerotic,  and  it  is  evident  that  where  an  atrophic  condition 
has  set  in,  and  tlu^  chorioidea  has  given  place  to  a  thin,  brittle  ui^  ih- 
brane,  the  full  pressure  comes  to  bear  upon  the  already  extended 
sclerotic.  Consequently  a  tolerably  advanced  staphyloma  does  not 
easily  become  stationary,  the  less  so  because  the  pressure  of  the  fluids 
in  the  myopic  eye  is  in  genertl  somewhat  incrased.  Thmhm,  also, 
in  staphyloma  the  blood-vessels  and  the  inequalities  of  the  chorioidesy 
as  well  as  the  dongated,  but  not  easily  atrophied,  ciliaij  nervesy*  make 
deep  impressions  on  the  inner  surface  of  the  atrophic  sclerotic.  Mm 
than  once  this  has  attracted  mv  attention.  Various  circumstances 
may,  moreover,  contribute  to  cause  that,  in  one  instance  in  one  part, 
in  another  in  a  diti'ercnt  part,  the  extension,  and  with  it  the  atrophy,  is 
particularly  great.  Especially  in  the  region  of  the  t/elloto  spot  it  fre- 
quently attains  a  maximum,  because,  from  whatever  cause  it  maybe,  the 
apex  of  the  ellipsoid  is  usually  often  found  here.  On  this  excessive 
extension  the  above-described  local  changes  mainly  depend,  wherdiy 
the  function  of  the  letina  comes  to  vaSet,  It  is  easy  to  see,  althoo^ 
it  has  not  been  proved  by  accorate  microscopic  investigation,  that 
under  such  extension  the  outermost  layer,  which  consists  of  radiatingly 
placed  very  small  bulbs,  must  suffer ;  that  these  bulbs  at  legist  must 
be  separated,  irroLrularly  distributed  and  made  oblique,  and  that  ther 
must  easily  be  actually  destroyed.  In  other  parts,  too,  of  the  retina, 
the  rods  and  bulbs,  as  we  have  seen,  appeared  to  be  more  separated. 
That»  on  the  contraiy,  in  the  fibrous  layer  little  or  no  disturbance 
occuis,  will  not  appear  strange,  when  we  consider  how  well  the 
structure  and  function  of  nerves  in  general  resist  extension  by  morbid 
tumours  or  from  other  causes.  Where  there  is  vital  metamorphosis 
of  matter,  change  of  form  much  more  readily  takes  place  under  the 
molecular  change,  without  disturbance,  than  in  sohd  fibrous  parts, 
and  in  this  respect  the  retina  has  a  great  advantage  over  the  sclerotic. 

The  changes  in  the  vitreous  humour  may  have  a  different  origin. 
They  may  depend  upon  extravasations  of  blood,  which,  perfect  as 
the  absorption  may  be,  never  leave  behind  them  an  absolutely  clear 
vitreous  humour.  Solution  of  the  as  yet  so  badly  explained  con- 
nexion of  the  vitreous  humour,  gives  rise  to  turbidity,  as  is  seen  in 

preparations.  Sohweigger's  preparatioas  also  appeared  to  me  to  be  conclu- 
rive. 

*  Compare  slao  Heymaan,  in  Arekivf.  Ophthal.,  ii.  1, 131. 
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traumatic  injuries,  and  where  foreign  bodies  are  present :  a  slight 
tVircad  of  india-rubber  carried  witli  a  needle  in  the  region  of  the 
equator  transversely  through  the  eye  of  a  rabbit,  strongly  extended 
by  pulling  the  ends,  and  while  in  the  extended  state  cut  off  at  both 
sides  close  to  the  eye,  contracted  (in  an  experiment  by  my  asflostanty 
JL>r.  Biondgeest)  to  a  small  bodyj  Tisible  with  the  ophthalmosoi^  in 
the  ceatie  of  the  vitreous  humour^  and  around  it  a  considenible 
torbidify  was  developed^  while  the  little  wound  of  the  membranes 
regularly  cicatrised.  Now  the  oonsiderable  distention  of  the  vitieons 
liuiiiour  in  staphyloma  posticuni  probably  also  causes  laeeration,  at 
least  synchysis,  and  some  turbidity  is  consequently  to  be  expecteil.* 
FinaUy,  in  some  cases,  an  irritative  or  inllanniiatory  couditiou  of  the 
Tetina  and  chohoidea  is  also  certainly  in  operation. 

We  have  now  approached  an  important  point.    The  question  is, 
how  far  staphyloma  posticum  is  connected  with  inflammation.    It  is 
known  that  von  Graefe  at  first  thought  the  practical  idea  of  sclerotico- 
chorioiditis  posterior  applicable  to  it;  but  that  he  in  Tain  sought,  in 
two  eyes  wUch  he  had  Uie  opportunity  of  examining  anatomically, 
the  proofs  of  preceding  inflammation.    Von  Graefe's  opinion  was 
disputed  in  various  quarters.   Stellwag  von  Carion  adhered  from  the 
])eginning  to  another  opinion,  and  Ed.  von  Jaerrer  soon  followed  him 
in  the  same.  According  to  them  staphyloma  posticum  is  only  the  result 
of  a  congenital  condition,,  and  the  atrophy  connected  with  it  increases, 
according  to  von  Jaeger,  even  with  the  eyeball  itself,  until  at  a  certain 
point  it  often  becomes  stationary.   There  is,  indeed,  some  truth  in 
this  statement.   Thus  much  is  certain,  that  the  staphyloma  posticum 
cannot  be  considered  as  a  simple  result  of  sdezotico-chorioiditifl^  and 
that  without  the  disposition,  and  that  usually  of  an  hereditary  nature, 
it  is  not  easily  developed.  Moreover,  it  must  be  admitted  that  without 
symptoms  of  irritation  or  inllanunation  staphyloma  posticum  may 
attain  a  tolerablv  hisrh  decree.    But,  on  the  other  hand,  there  is  no 
doubt  that  the  morbid  distention  very  often  leads  to  irritation  and 
inflammation,  and  finds  therem,  with  softemng  of  the  membranes,  a 
condition  of  rapid  development.  It  appears  to  me  to  be  an  error  not 
to  consider  the  tje  with  staphyloma  posticum,  combined  with  simple 
atrophy,  as  morbid,  and  a  still  greater  error  to  overlook  the  fact,  that 
when  highly  developed,  this  condition  almost  without  exception  induces 
symptoms  of  irritation,  which  still  further  threaten  the  integrity  of  the 
power  of  vi^i()ll.    Yon  Jaeger's  doubt,  whether  chorioiditis  disscmi- 

*  Compare,  oa  this  subject,  also  von  Haaner,  /.  c.  p*  21. 
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nata  occurs  more  frequently  in  highly  myopic  eyes  than  in  atb<:!^ 
indeeil  surprises  nie.    In  liigh  deijrees  of  M  this  inflammatioii  15  si 
a  certain  time  of  life  the  rule.  In  the  course  of  the  morbid  distpntiM 
inflanunation  is  readily  developed^  which  cannot  be  considered  is  t 
new  condition,  bat  UBoaUy  makea  itaelf  known,  at  an  emxij  pedo^ai 
more  or  leaa  dislanct  irritation.  Even  in  jontb,  aa  Haaner  also  obaoves, 
symptoma  of  irritation  are  nanaUy  preaent  even  in  aUglit  degres  d 
M,  and  ophthalmoscopic  investigation  now  reveals  to  us  capillarr 
redness  of  the  nerve-surface,  and,  what  is  remarkable,   sometimt  j 
only  over  the  hall"  of  its  extent.    Probably  there  is  in  this  case,  in  j 
conaequenoe  of  tension  of  the  chorioideal  ring  and  oi  tlie  lamiia 
cribroaa,  aome  mechanical  irritation,  perbapa  even  preasoie  on  tk  j 
email  fiiadculi  of  the  optic  nerve.   Snbaeqnentlf,  as  the  extoDt  be- 
oomea  greater,  and  the  disproportionate  tenaion  ia  augmented^  the 
phenomena  of  irritation  increase,  and  at  the  boundaries  of  the  dr- 
cumscribcd  atrophy  hyperajmia  exists,  sho\nng.  that  the  chorioidea 
before  atrophying,  here  also  passes  through  a  jieriod  of  irritatioo. 
Therefore  I  cannot  admit  the  existence  of  well-detined  limits  beiwetr 
the  further  development  of  the  crescent,  and  the  occurrence  of  mou 
atrophied  spota,  which  hiat  exdoaively  von  Jaeger  conaidera  aa  pio- 
dacta  of  inflammation.   Even  the  abundant  deposition  of  pigmeat 
on  the  boundaries  of  the  crescent,  again  absorbed  in  the  prepress  of 
the  atrophy,  in  order  to  be  anew  deposited  more  extenially,  is  iii 
favour  of  a  state  of  irritation.    At  a  later  period  the  subjective  phe- 
nomena, also,  become  more  characteristic,  and  in  diferent  parts  of  . 
the  fundua  oculi  atro[}hic  spots  are  formed,  preceded  by  inflamma-  ' 
toiy  action :  chorioiditia  disHeminatajy  I  repeat  it>  ia  in  the  higheit 
degrees  of  M  at  a  more  advanced  age,  connected  with  ita  notm^ 
development.   Onr  conclusion  is,  therefore,  briefly  aa  Ibllowa : — tiist 
almost  without  exception  the  predisposition  to  the  development  o(  . 
staphyloma  posticum  exists  at  birth ;  that  it  is  developed  with  sym-  ' 
ptoms  of  irritation,  which  in  moderate  degrees  of  staphyloma  do 
not  attain  any  great  clinical  importance;  bat  that  in  the  higher  degrees  I 
an  inflammatory  state  almost  alwaya  occurs,  at  least  at  a  aomewbat 
more  advanced  time  of  life,  as  a  result  and  as  a  co-operative  cause  of  , 
the  further  development  of  the  distention  and  of  the  atrophy.  ^ 

This  conclnsion  is  certainly  not  inconsistent  with  the  fact,  that  after 
death  so  few  products  of  inflammation  are  to  be  met  with.  For  these 
products  pass,  as  well  as  the  normal  tissue,  into  a  state  of  atrophv. 
In  this  way  false  membranes,  as  we  see  in  the  synechia  of  the 
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iris,  in  adhesions  between  the  pleune,  and  in  other  places,  become 
atrophied  and  absorbed  when  extended.  Even  on  the  capsule  of  the 
lens  sometimes  nothing  else  reiaains  of  the  inflammatory  products  of 
iritis  than  some  spots  of  pigment.  In  staphyloma  porticum'the  in- 
flammation eiists  almost  as  the  transition  period  to  atrophy.  That 
in  general  no  adhesion  of  the  membnmes  is  met  with  is  also  easQy 
reconcileable  to  this  view.  Adhesions  are,  however,  sometimes 
found,  and  it  is  questionable,  whether,  in  general,  the  separation 
would  be  so  easily  obtained  if  the  chorioidea  before  passing  into  the 
atrophic  form,  hail  not  been  imbibed  with  parenchymatous  exudation. 
Moreover,  as  H.  Mueller^  states,  the  tissue  of  the  chorioidea  in  the  in- 
tervascular  spaces  exhibits  in  staphyloma  posticum,  groups  of  cellular 
bodiesi  which  he  consideni  to  be  also  in  favour  of  the  pre-existence 
of  inflammation.  Finally,  ihe  analogy  with  staphyloma  anticnm, 
which  is  evidently  the  result  of  inflammation,  is  not  to  he  denied. 

Another  important  question  is,  in  what  the  predisposition  to  sta- 
phyloma posticura  may  consist.  It  appears  to  be  as  yet  not  satisfac- 
torily solved ;  at  least  T  have  no  decided  opinion  on  the  subject.  The 
relative  number  of  adults  in  whom  we  can  ophthalmoscopically  per- 
ceive more  or  less  atrophy,  is  much  greater  than  that  in  children.  Von 
Jaeger  is  certainly  quite  right  in  asserting  that  something  of  atrophy 
is  occasionally  to  he  seen  in  young  children ;  I  even  readily  admit,  that 
he  has  himself  found  defined  erescentio  atrophy  in  newly-born  infants, 
both  during  life  and  in  the  dead  body ;  but  tiie  rule  is,  that  we  see 
nothing  of  the  kind,  although  atrophy  at  a  later  period  makes  its 
appearance,  and  though  in  all  probability  there  was  an  hereditary  ten- 
dency to  it.  'JTiis  leads  us,  I  think,  to  the  conclusion,  that  in  these 
cases,  the  resistance  at  the  outside  of  the  optic  nerve  was  oriti:inally 
less  than  in  theunpredisposed  eye.  Now,  this  predisposition  has  been 
brought  into  connexion  with  the  history  of  the  development  of  the  eye. 
If  we  look  at  the  drawing  given  in  the  JrMv  Jmr  OpIUkalmolojfk 
(6d.  lY.  I.  89)  by  von  Ammon,  of  the  proiu- 
benmtia  teleraUa,  described  by  him  thirty-five  Fig.  148. 
years  previously,  as  existing  at  a  certain  period 
of  the  foetal  eye,  which  is  here  reproduced  as 
Pig.  148,  the  form  of  staphyloma  postieum  is 
at  once  suggested  to  the  mind.  Yon  Ammon 
states,  that  in  an  early  period  of  foetal  existence 
the  sclera  is  still  open  at  the  cerebral  side; 

•  F^handLierph^.m0d.(h9akd^M.bi.n.m,  1869. 
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that  it  then  has  the  fonn  of  a  cup,  and  is  connected  by  an  oval 
opening  with  the  anterior  cerebral  cell.  This  opening  is  closed  by  a 
tissue  proceeding  from  the  margins,  and  as  the  eje  becomes  largeri 
tbe  supplementary  tissue  forms  the  protubenmce  in  qnestioii, 
which  is,  according  to  Ton  Ammon,  directed  at  first  downwards, 
bnt  sobseqnently  backwards  and  oatwards,  as  it  is  here  repre- 
sented. Yon  Ammon  Adds,  that  the  different  membranes  close 
the  said  opening  nearly  at  the  same  time.  In  the  first  place, 
there  is  brought  into  connexion  with  this  mode  of  development 
the  coloboma  chorioidese,  which  as  a  defect  of  the  chorioidea,  pro- 
ceeding from  the  nerve-sur£sce^  extends  inferiorly,  whether  over  only 
a  small  extent,  or  over  the  whole  chorioidea,  and  may  now  unite 
even  with  coloboma  iridis.*  We  have  here^  therefore,  an  ordinary 
arre^^develqpmeiU.  And  assodi  SteQwag  Ton Canon  andEd.  von 
Jaeger  also  consider  the  disposition  to  staphyloma  posticnm,  and  in 
a  certain  sense  staphyloma  posticnm  itself.  The  arrest  of  develop- 
ment is  here  only  much  less,  and  might  be  limited  even  to  a  slight 
remnant  of  the  protuberantia  sclerahs.  The  direction  of  the  atro- 
phy, indeed,  corresponds  to  that  of  the  already  fully-closed  protn- 
berantia  scleralis. 

As  I  was  already  abont  to  observe,  I  am  nnable,  for  want  of  pov 
sonal  investigation,  to  give  any  opinion  upon  the  subject.  J,  how- 
ever, feel  myself  called  on  to  remark,  that  it  appears  to  be  chiefly 
this  idea  widdh  has  led  Stdlwag  von  Garion  and  von  Jaeger  to  con- 
sider acquired  myopia  as  another  condition,  and  to  start  from  the 
supposition  that  congenital  myopia  is  in  no  way  connected  with 
tile  use  of  the  eyes,  and  that  it  should  be  equally  distributed  among 
all  classes  of  society.  Against  this  view  I  have  already  raised  diffi- 
culties (p.  352),  and  I  shall  again  revert  to  them.  In  this  place  I 
cannot  avoid  observing,  that  if  the  connexion  with  the  protuberantia 
adeialis  really  exists^  and  if  congmiital  staphyloma  posticum,  as  wdl 
as  the  predisposition  to  the  same,  may  be  considered  as  an  arrest  of 
development,  this  view  does  not  invalidate  my  statement,  that  the 
undue  use  of  the  e\  es  promotes  the  occurrence  of  staphyloma  posti- 
cnm. Indeed,  it  is  certain  that  if,  with  slight  predisposition,  the 
eyes  are  much  used  for  close  work,  the  staphyloma  becomes  more 
fully  developed,  and  direct  experience  as  well  as  analogy  ^howa^  that 

*  Oomptre  Liebreioh,  Archiv  fur  Ophthalmologie,  Bd.  t.  ii.  241,  and 
AOa*  d'Ophthalmoteopie,  Tab.  xii.  Fig.  5 ;  and  Nagel,  Arekiv  Jur  C^pAMoA 
moliyM,  Bd.  vL  L  170. 
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in  mch  a  case  the  probabOity  of  transmisnoii  to  postenty,  even  in  a 
feiglier  degree,  is  greater  than  when  the  staphyloma  was  not  brought 
under  promoting  circumstances  to  a  state  of  further  develop- 
ment. 

§£9.— Thb  Vision  oy  Mtobu. 

Xhe  vioDii  of  myopes,  without  tbe  aid  of  q^iectades  (of  which  akme 
X  am  here  speaking)^  is  ehancterised  bj  comparativelj  less  acute- 
ness  fc?  lemote  than  for  near  objects.   We  are  already  aware  that 

this  depends  upon  the  circles  of  diffusion  formed  upon  the  retina  by 
the  rays  proceeding  from  remote  points.    Myopes  have  a  farthest 
point  of  distinct  vision,  and  the  rays  proceeding  from  a  point 
situated  there^  can  unite  upon  the  retina  into  one  point;  with 
respect  to  more  xemote  points,  the  oiicles  of  diffusion  become 
greater,  and  vision  consequently  becomes  more  indistinct,  the  grester 
the  distance  is.   In  slight  Segnes  of  M  this  indistinctness  is  so 
tiifling  that  the  persons  affected  with  it  have  not  ohaerred  it,  and  it 
is  not  until  th^  employ  a  weak  ooncave  glass  that  it  appears  that 
they  are  thus  enabled  to  see  more  distinctly  at  a  distance,  and  are 
consequently  myopic.    In  these  slight  degrees  myopia  is  attended 
with  no  inconvenience.    Against  the  disadvantage,  that  at  a  great 
distance  vision  is  not  perfectly  accurate,  is  the  advantage  that,  the 
range  of  accommodation  being  equal,  very  small  objects  brought 
closer  to  the  eje,  and  therefore,  under  a  greater  yisoal  angles  can  be 
better  distinguished,  and  that  when  at  a  mora  adranoed  penod  ui 
lifb  the  range  of  aooommodatum  is  diminished,  ofdhiary  work  can  be 
still  longer  performed  withoat  spectacles.  Even  with  a  myopia  of 

jg,  in  which,  at  the  distance  of  eighteen  inches,  aocniate  images  an 

still  obtained,  the  anomaly  is,  in  most  kinds  of  work^  attended  with 
no  inconvenience.  In  somewhat  higher  degrees  myopes  have,  at 
least  in  youth,  with  perfect  accommodation,  a  tendency  to  approach 
dosn  than  is  necessaiy  to  the  objects,  and  thus,  particularly  at 
1   sedentary  work,  to  assume  a  stooping  position.   If  the  myopia 

amounts  to       to  ^,  or  more,  this  occurs  without  exception ;  of 
10  o 

course,  to  a  greater  extent,  the  higher  the  degree  of  the  myopia  is. 
With  increasing  myopia,  too,  the  fancy  increases  of  occupying  onc's- 

seLf  with  small  objects :  persons  so  affected  read  by  preference  small  . 
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print ;  thejr  aoeiistom  theniMlTeB  to  small  Imndwritiiig,  and  as  maA 

as  possible  avoid  long  lines.  It  is  evident  that  in  doing  so  the?  ire 
able  to  see  more  at  unce,  and,  for  example,  in  reading,  they  need  uot 
move  the  eyes  and  head  so  much  as  when  they  have  broad  pages  aLd 
large  letters  before  them.  It  is  not  until  the  objects  diminish  is 
magnitude  in  proportion  as  the  distance  becomes  less^  that  myopic  are  | 
on  a  par  with  non-myopic  individiialsy  and  with  equal  acoleneaa  of 
vision  distinguish  tiiose  objects  equsllj  wdL  However,  as  we  ahaO 
hereaftor  see  more  folly,  in  the  highest  dq^nes  of  myopia  the  acute- 
ness  of  vision  is  imperfect^  and  although  those  Isbonring  under  them 
ean  distingnish  very  small  objects  still  better  than  non-myo|>e^,  these 
mnai  in  reference  to  the  distance  be  really  somewhat  larger;  it  b, 
moreover,  a  very  great  inconvenit  nee,  that  a  bent  positiuii,  and, 
binocular  vision  is  not  sacrificed,  particularly  great  convergence,  art 
not  to  be  avoided,  an  inconvenience  which  is  attended  vrith  actiui 
injury,  inasmuch  as  the  further  development  of  the  myopia  is  ihmhj 
promoted. 

Much  greater  stiU,  in  these  high  degrees  of  M,  is  the  incon- 
venienee  of  indistinct  vision  at  a  distance.   The  emmetrope  eas 

form  an  idea  of  it  by  holding  before  his  eye  a  strongly  convex  c:\ass, 
and  he  will  he  surprised  how  quietly  myopes  usually  submit  to  their 
fate.  But  at  the  same  time,  many  peculiarities  developed  in  myopi'5, 
unless  they  early  accustom  themselves  to  the  use  of  spectacle^  will  no 
longer  be  an  enigma  to  him. 

llie  circles  of  diifusion  in  vision  at  a  distance  are  the  greater, 
because  in  myopes  the  diameter  of  the  piq^  as  even  Porterfield  and 
Jurin  were  aware,  is  in  general  Isiger  than  in  non-myopic  persons, 
and  to  this  magnitude  the  ciides  of  diffusion  are  proportionate. 
Therefore  myopes  under  mydriasis  see  very  badly  at  a  distance. 
With  a  bright  light  they  see  remote  objects  much  more  distinctly, 
and  tliLTL'furc  also  at  a  more  advanced  time  of  life,  tlie  ilegnt- 
of  M  being  unchanged,  they  distinguish  better  at  a  distance,  which 
often  makes  them  incorrectly  infer  that  the  degree  of  the  mjopta 
is  diminished.  Myopes  now  also  distinguish  much  more  aocn- 
lately  beyond  their  farthest  point,  when  they  look  through  a  small 
opening,  and  in  the  highest  degrees  of  myopia,  as  will  hereafter  be 
seen,  even  practical  use  may  be  made  of  this  fact  The  Oalabar 
bean,  too,  which,  dropped  in  solution  into  the  eye,  has  the  riiiiark- 
able  proi>erty  of  constricting  the  pupil,  is  thus  serviceable  to  them: 
on  very  slight  action  oi  this  agent  the  pupil  becomes  narrow,  without 
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icreasing  the  myopia,  and  when  the  remedy  acts  more  powerfully^ 
le  farthest  pointy  which  had  at  first  approached  the  eye,  after  an 
our  retorns  to  its  normal  condition.  Among  the  early  scholars  many 
ly  opes  were  to  be  found.  In  this  number  was  Dechales,*  a  Jesuit  of 
iie  terenteenth  century,  who  has  with  wonderlbl  accuracy  described 
lany  peculiarities  of  myopic  vision.  In  church  he  saw  very  remote 
ttle  flames  as  round  circles  of  clillusion,  and  tliereupon  studied  bis 
ntoptic  spectrum,  which  he  perfectly  undcTstood.  He  was  also 
ware,  and  explained  the  fact  very  correctly  by  the  diminution  of  the 
iicles  of  diffusion^  that  myopes  distinguish  more  accurately  through 
I  small  opening,  and  with  respect  to  the  influence  of  the  approxima^ 
ion  of  the  eyelids  he  communicates  some  particulars,  whidi  are  not 
o  be  met  with  even  in  later  writers.  Thus,  regarding  this  point,  he 
ibser^,  that,  properly  speaking,  only  the  vertical  dimension  of  the 
slicles  of  diffusion  thereby  disappears,  so  that  horizontal  lines  arebetter 
leen,  but  that  alsothe  horizontal  extension  of  vertical  lines  issoniewhat 
divided  by  the  cilia,  so  that  a  number  of  imaires  arci  seen  close  to  one 
another,  of  which  one  is  usually  distinguished  by  particular  clearness. 
Many  myopes  have  so  very  much  accustomed  themselves  to  approxi- 
mate the  eydids  that  it  actually  belongs  to  their  physiognomy,  and 
that  they  persevere  in  doing  so,  even  when  the  use  of  concave  specta« 
cles  makes  it  superfluous:  this  reminds  us  of  the  involuntaiy  ten- 
sion of  accommodation,  sometimes  even  combined  with  strabismus,  of 
young  persons  whose  II  has  been  corrected  by  a  convex  glass.  In 
st  rong  mvopia  the  imperfect  vision  has,  even  at  a  short  distance, 
peculiar  results.  Those  affected  with  it  seldom  fix  the  persons  to 
whom  they  speak,  because  they  imperfectly  distiuguifih  their 
features;  they  have  in  general  no  correct  idea  of  the  impression 
which  their  person  and  their  words  make  upon  another,  and,  accord- 
ing to  their  original  disposition,  a  peculiar  freeness  and  too  great 
self-confidence,  or  dse,  what  is  rarer,  a  more  than  ordinary  basbfdlness, 
are  thence  not  unfirequently  developed.  In  their  bearing,  and  often 
also  in  their  gait,  a  certain  awkwardness  is  frequently  manifested,  by 
which  some  are  recognised  at  a  distance.  Finally,  much  more  of  what 
passes  in  the  world  escapes  them  than  they  themselves  are  aware  of, 
and  with  respect  to  a  number  of  things  their  knowledge  is  less  cor- 
rect, because  they  fill  up  what  is  deficient  through  the  operation  of  a 
brisk  imagination.  Cardanus  asserts  that  myopes  are  particularly 
amorous,  because  that  not  observing  defects,  they  look  upon  hunuin 
*  Curaut  9,  munilua  matkematieiUf  T.  IIL  p.  393. 
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beings  as  angeb.  The  staziy  beavens  thej  also  see  iu  extnordioaij 


but  IB  die  IngW  degrees  it  ii^  at  kaat  ia  adfancuig  yeaii^  oouider* 
abksp       vithoot  the  myopia  being  oombiiied  vitb  mnmai  mortid 

changes.  Where  M  is  >  S  ia  often  impeifecty  nnksa  the  mjopii 
is  congenitsl,  and  the  individoal  ia  stitt  veiy  young.  In  mji^in^ | ; 

imperfection  is  the  rule ;  in  myopia  >  ^  it  is  the  role  probably  «^ 

ant  exo^tkm.  EspeciaUy  in  high  degrees  of  myopia  S  decreasn 
with  the  increase  of  years  mnch  more  rapidly  than  in  £•  Wbm 

M  =  2  or  L  S  at  sixty  yeaia  of  age  usually  amounts  to  not  more 

than  |.  The  cause  of  diminished  8  in  myopes  is  evident    In  M 

the  retinal  images,  indeed,  are  larger  for  equal  angles,  under  whicb 
the  ol]|jects  are  seen,  because  the  distance  from  the  nodal  point  to  the 
retina  is  greater ;  but,  on  the  other  hand,  the  surface  of  the  retina  is 
also  laiger,  and  therefore  in  a  given  ^ane  comprises  fewer  percipicBi  | 
elemente.  Where  there  is  po&ct  oompensaftion  of  these  two  fMton  | 
an  equal  nnmber  of  percipient  elements  oonld  now,  the  visoal  angki 
being  equal,  be  impinged  upon,  and  8  may  thus  remain  equal.  Bntihe 
extension  affects  especial!)-  the  posterior  pole,  also  occupies  priucipaliv  | 
the  region  of  the  yellow  spot,  and  for  direct  vision,  therefore,  perfeti 
compensation  is  not  to  be  expected,  even  when  the  extension  pro- 
duces no  further  disturbance  in  the  function  of  the  different  ele- 
menta.  We  had  here  in  view  the  determination  of  the  acutencss  of 
vision  applied  to  objects  situated  within  the  farthest  point  of  dis- 
tinct vision.  The  determination  with  the  aid  of  objects  situated  at 
a  greater  distance^  and  seen  with  correcting  glasses,  proves  sftOlmoie 
disadvantageous,  because  k"  thereby  approaches  the  retina.  | 

With  the  increase  of  the  myopia,  the  same  objects  at  an  equal  dis- 
tance are  undoubtedly  seen  by  degrees  with  a  smaller  portion  of  the 
percipient  elements.  As  this  has  occurred  gradually,  the  eve  has, 
during  its  occurrence,  accustomed  itself  to  it,  and  the  magnitude  of 
an  object  ia  now  also,  even  on  the  fixing  of  a  single  point,  invariably  i 
oorreotly  estimated,  and  the  finger,  when  it  is  wished  to  touch  i^ 


• 
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joe3  right  to  its  boundaries.  The  extension  has,  moreover,  had  this 
^esnlt^  that  the  original  connexion  between  the  amount  of  the  mus- 
Millar  action  leqnired  and  the  number  of  percipient  elements,  which 
tlierel>7  oonaeentivdj  receire  the  image  of  a  certain  point,  is  modified, 
and  mererthdess  the  harmony  has  been  preserved,  so  that  on  move- 
TTient  of  the  eye  no  apparent  movement  of  the  object  is  seen.  We 
t-minot  therefore,  properly  say,  that  the  myope,  who  sees  the  same 
ol>ject  at  an  equal  distance  with  fewer  percipient  elements,  actually /?ro- 
j^ts  it  smaller  in  appearance  outwards  ;  he  undoubtedly  sees  it  lew 
aem^iy,  but  the  idea  which  he  forms  of  the  magmtode  is  not  deter- 
mined  simply  by  the  number  of  affected  percipient  elements^  but  is 
ihe  result  of  a  very  complicated  psychical  process,  to  which  a  number 
of  factors  contribute.    In  any  case  we  are  justified  in  coming  to 
the  remarkable  conclusion,  that  in  consequence  of  slowly  progres- 
sive displacement  by  extension,  a  point  of  the  retina  is  projected 
outwards  in  a  direction  diiferent  from  that  originally  belonging  to  it, 
and  we  hence  infer  that  the  direction  of  projection  is  not  absolutely 
congenital,  but  that  it  has  been  developed  in  connexion  with  other 
means  of  obsecration. 

That  myopes  arc  possessed  of  a  normal  power  of  accommodation 
could  be  overlooked  only  by  confounding  the  region  and  the  range  of 
accommodation.    Some  early  writers  have  fully  comprehended  tliis, 
aud  even  in  Smith we  find  it  expressly  stated.    It  is  also  satisfac- 
torily seen  when  we  neutralise  the  myopia^  whereupon  young  my- 
opes see  near  objects  perfectly  wellj  distangaish  acutely  at  a  few  niches 
from  the  eye,  and  are  at  the  same  time  in  a  condition  to  see  remote 
objects^ccurately.    We  have,  too,  already  remarked  that  the  range 
of  accommodation  of  myopes  aj)pears  to  be  equal  to  that  of  enune- 
tropes ;  but  in  the  highest  degrees,  in  which  the  muscuius  ciliaris  and 
sometimes  also  the  nervi'cihares  are  atrophied,  the  power  of  accom- 
modation diminishes  and  is  at  last  wholly  annihilated :  this,  however, 
happens  at  an  age  when,  mmoYet,  this  power  has  been  slmost  qoite 
lost.  We  have,  too,  slready  calculated  what  range  of  accommodation, 
with  difl*erence  in  length  of  the  visual  axis,  corresponds  to  a  certain 
change  of  the  crystalline  lens,  and  we  found  that  myopes,  on  account  of 
their  longer  visual  axis,  are  in  this  res|>ect  somewhat  in  the  background 
(Compare  pp.  95,  96) .  On  the  other  hand,  the  use  of  concave  glasses 
has  an  advantageous  influence,  and  tiierefore  has  a  compensating  effiwt. 
Such  small  quantities  are  here,  however,  in  question,  that  this  cannot 

'Complete  SyHem  of  OpticSf  Csxmhndgef  173^. 
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appear  in  pnuHioe.  Of  nrach  greater  importance  is  the  difference  ia 
the  relative  range  of  accoiniiiodatioii  between  emmetroj)ic  and  ame- 
tropic  eyes,  which  I  have  fully  explained  (pp.  119,  ef  seq.).  Under  a 
somewhat  different  form  it  may  here  be  briefly  remarked  in  reference  to 
this  pointy  that  mjopea  (contrary  to  what  we  find  in  hypermetropes) 
with  slight  convefgenoe  can  manage  a  oomparadvelj  small  part  of 
their  power  of  aooommodation;  bat  are  therefore  also  in  »  better 
stat^  with  convergenee  for  their  furthest  pomt  of  distinct  rmoia,  to 
omit  all  tension  of  aooommodation :  their  effort  was  of  conrse  alwmja  to 
keep  the  hinocular  farthest  point  removed  as  far  as  possible  from  the 
eye. — In  myopes,  moreover,  the  range  of  accommodation  diminishes 
with  age  in  the  same  manner  as  in  emmetropes.  A  glance  at  Figurc*s 
125,  126,  and  127  shows  this  directly.  True  presbyopia,  which  we 
made  to  commence  when/b      farther  than     from  the  eye,  can  of 

course  occur  only  when  M  is  <  ^  . 


§  30.  Complaints  and  DisTU&fiANCfis  in  Myopia. 

Slight  degrees  of  M  give  rise  to  no  coinplaiuts.  In  youth  the  in- 
ferior acutcne^s  of  vision  at  a  distance  passes  almost  unobserved,  and 
at  the  fiftieth,  sometimes  at  the  sixtieth  year,  when  the  narrower 
pupil  makes  remote  objects  more  distinct,  we  hear  only  boasting  and 
praise  of  the  exoellent  vision  for  near  objects.  Myopic  eyes  haye 
consequently  acquired  the  reputation  of  strength  and  excellence, 
which,  on  unprejudiced  examhiation,  they  cannot  maintain.  A  slight 
degree  of  M  may  have  its  advantages  for  men  engaged  in  itndy  or 
minute  work,  high  degrees  are  combined  with  disturbances  which 
often  make  themselves  only  too  plainly  felt  at  an  advanced  period 
of  life.  The  condition  itsdf,  in  youth  may  be  very  tolerable;  the 
prospect  is  often  gloomy. 

But  even  in  youth  many  myopes  complain  of  inconvenience  from 
contiuned  tension.  There  is  then  a  state  of  irritation  which  appears  to 
be  combined  with  hyperemia^  both  of  the  external  eye  and  of  the 
internal  p«rts.  At  a  later  period,  especially  when  the  eyes  are  veiy 
prominent^  and  probably,  in  consequence  of  tension  of  tiie  extended 
muscles,  are  somewhat  harder  than  is  normally  the  case,  such  a 
state  of  irritation  may  become  habitual,  and  may  even  be  combined 
with  a  troublesome  irritation  of  the  eyelids.  Especially  when  the 
myopia  in  a  certain  period  rapidly  attains  a  higher  degree,  pain  and 
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Cntigoe  of  the  eyes,  particularly  b j  artificial  Hght^  aie  much  com- 
plained  of. 

'Where  high  degrees  of  M  are  in  qnestion,  there  is  added  to  this 
state  of  irritation  a  certain  spasm  of  accommodation,  so  that  now  a 
still  higher  degree  of  M  is  met  with,  which  on  the  yiehhng  of  the 
irritation,  especially  after  a  Ilcurteloupian  abstraction  of  blood,  and 
a  stay  in  the  dark,  again  gives  way.  Professor  Junge,  of  Petersbmg, 
lias  called  mj  attention  to  this  fact^  and  I  havCy  in  different  instances, 
fonnd  it  confirmed.    In  other  cases  the  myopia  gmdnally  attains  a 
very  high  degree,  without  the  occurrence  of  any  other  distnrhanee 
than  imperfect  vision  at  a  distance.   Indeed,  when  we  consider  the 
changes  which  the  fbndns  ocnli  has  nndergoncj  we  are  often  snru 
prised  at  the  slight  dtstorbanoe  connected  therewith.    The  explana- 
tion of  this  is  to  be  sought  in  the  fact  that  when  important  structu- 
ral changes  of  the  chorioidca  arise  slowly,  the  retina  undergoes  but 
little  disturbance,  and  that,  moreover,  diminished  acuteness  of  sight 
on  indirect  vision  is  not  apt  to  cause  much  inconvenience.  Even 
with  the  marbled  atrophic  white  and  yellow-speckled  appearance, 
extending  in  a  girdle  from  the  ontside  of  the  crescent  thiongh  the 
region  of  the  yellow  spot,  direct  vision  sometimes  still  retains  its 
normsl  acuteness,  and  the  imperfection  of  indirect  vision  is  scarcely 
observed.     However,  in  extensive  diffuse  atrophy  beyond  the 
crescent  this  is  exceptional.     But  the  disturbance  of  vision  is 
much  greater  when,  as  is  often  the  case,  the  existing  tension  and  ex- 
tension give  rise  to  a  state  of  general  irritation  of  the  retina.  This 
is  the  proper  amblyopia  of  myopes.    It  sometimes  attains  in  a  short 
time  a  tolerably  high  degree,  and  is  again  capable  of  improvement 
on  the  employment  of  suitable  treatment.  Von  Oraefe*  considers 
the  prognosis  in  this  form  of  amblyopia  to  be  even  comparatively  very 
favourable,  and  I  quite  agree  with  him  if  our  object  be  h'mfted  to 
obtaining  a  temporary  improvement.    But  in  high  degrees  of 
myopia,  relapse  and  eventual  aggravation  of  the  affection  are  always 
to  be  expected.    Besides  the  diminished  S,  the  rapid  supervention  of 
fiitigue,  a  feeling  of  tension  in  the  eye,  sometimes  pain  on  pressure, 
and  moreover  photopsia  and  muscse  volitantes  are  connected  with 
this  condition.   These  last  two  phenomena  often  in  myopia  consti- 
tute a  permanent  source  of  complaint,  even  when  no  particular 
state  of  irritation  and  no  extraordinary  diminution  of  the  sharpness 
of  vision  eadst.    Ordinary  muscm  volitantes,  as  I  have  already 

•  Jrchlv/.  Ophthalmol.,  B.  ii. 
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explained  (pp.197  ei  seq,),  are  not  attended  with  an j  ftwentml  mcottte- 

nience  :  they  are  dependent  on  microsco])ically  small  bodies,  wbidi 
in  every  one  float  in  the  vitreous  humour.  Myopes  are,  however, 
troubled  with  them  more  than  others.  In  the  circles  of  dilfusion  of 
smaller  surfaces  of  Hght,  they  exhibit  themselves  with  extniordinar)- 
distinotneMy  and  in  general  the  more  diffuse  uniform  aspect  of  the 
objecto  is  a  condition  under  which  thejr  appear  more  distinct.  In 
non-myopes  they  aie  seen  indeed  also  mostly  on  unifoimlj  illomi* 
nated  siurfaoesi»  while  no  other  forms  are  depicted- on  the  retina. 
Therefore^  too^  myopes  find  a  diminntion  of  this  symptom  firom  the 
use  of  concare  glasses^  which  remove  the  uniform  diffuse  appearance 
of  the  objects.  But  often  the  complaints  continue,  cspeciaily  when 
the  patients  are  uneasy  about  the  symptom,  and  have  once  accus- 
tomed themselves  to  attend  to  it.  1  have  seen  instances  in  which 
anxiety  about  muscse  volitantes  amounted  to  true  monomanii^ 
against  which  all  reasoning  and  the  most  direct  demonstrations  were 
in  vain.  This  is  espedallj  the  case  when  morbid  cfaangea  in  the 
vitreous  humour  have  eupervened.  We  must  admit  the  eiistence  of 
morbid  changes  so  soon  as  we  can  with  the  ophthalmoscope  perceive 
turbidities  in  the  vitreous  humour.  To  these  a  real  pathological  im- 
})ortance  is  to  be  attached.  The  ordinary  corpuscles  are  too  small  to 
be  ophthalmoscopically  visible,  and  therefore  whenever  forms  apjjear, 
we  must  admit  the  existence  of  abnormal  ])roducts,  the  origin  of  which 
has  been  above  explained  (§  28).  In  inflammatory  irritation  they 
are  certainly  almost  always  to  be  considered  as  the  results  of  exudation. 
Such  forms^  also,  arise  and  disappear,  independently  of  myc^ia, 
in  consequence  of  kyklitis  and  chorioiditis  anterior;  in  myopia  they 
are  usually  situated  more  deeply  in  the  vitreous  humour,  sometinies 
even  in  connexion  with  the  surface  of  the  optic  nerve,*  and  they 
scarcely  ever  disappear.  In  order  to  see  them,  the  observed  eye  should 
be  directed  downwards,  and  suddenly  raised  to  the  point  at  which  we 
again  look  through  the  plane  of  the  pupil,  in  which  case  we  usually 
observe  them  rapidly  floating  past.  The  depth  of  their  position  can 
be  determined  from  the  glass  with  which  they  are  seen,  and  from  the 
distance  from  the  eye  at  which  the  observer  must  place  himadf. 
Usually,  they  are  long  and  fibrous,  or  granular,  sometimes  also 

*  In  lefereooe  to  this  situationy  I  have  occasionally  thought  there  might 
be  m  remnant  of  the  artery  running  in  the  fatal  state  to^the  capsule  of  the 
lens,  which  has  hecn  8«en  by  some,  but  the  brown  flake  did  not  extend  Ut 
in  the  vitreous  body. 
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perhaps  membranous. — The  secopd  complaint  we  meutioned  was 
photopsia.  This  in  general  accompanies  the  more  acute  amblyopic 
symptoms  of  myopes ;  but  aometimes  it  continues  constantly  present 
in  high  degrees  of  myopia^  and  yields  to  no  treatment  whatever. 
OplithalBMMOopically  we  then  usually  observe  difibse  atrophy,  com- 
bined with  wldte  spote  and  so-called  pigmoit-maoeration^  the  origin 
of  whieh  is  also  not  nnoonneeted  with  inflammatory  action.— Nervous 
persons  arc  sometimes  very  nrach  depressed  by  the  constant  pheno- 
mena of  light,  which  arc  still  more  troublesome  in  the  dark  than  in 
the  daylight.  I  believe,  too,  that  they  must  be  looked  upon  as  an  un- 
favourable sign,  because  they  in  every  case  indicate  persistent  irrita- 
tion from  increasing  tension  and  distention,  or  from  inflammatory 
action;  but  still  I  have  found  that  the  power  of  vision  may  with 
them  long  remain  tolerably  uniform.  The  principal  point  will  b^ 
liow  fu  the  atrophy  extends  in  tlie  region  ai  the  yellow  spot 

Besides  the  amblyopia  dependent  on  supervening  irritation,  the 
acuteness  of  vision  is  in  general,  as  we  remarked  in  the  preceding 
paragraph,  diminished  in  high  degrees  of  myopia ;  but  on  this  point 
little  complaint  is  made.  As  myopes  can  hold  objects  so  much 
closer  to  the  eye,  and  thus  look  under  a  greater  visual  angle,  they 
can  still  very  long  sufficiently  distinguish  them,  and  from  distant 
vision  thqr  huve  never  required  much.  In  general,  therefore,  they 
do  not  apply  to  the  oculist,  until  a  disproportionate  disturbance 
takes  place  in  direct  vision.  They  then  complain  of  obscurity  in 
leading  and  writing,  of  a  dimness  or  j^tunmering  which  lies  over  the 
letters,  of  truncated  letters,  or  of  total  absence  of  others ;  of  total 
inability  to  see  correctly  what  they  fix.  Often  this  is  preceded 
by  the  curved  appearance  of  lines,  which  indicates  a  disproportionate 
displacement  or  transposition  forwards  of  a  part  of  the  percipient 
elements.  Where  these  complaints  arise  in  myopes,  we  always  find 
also  one  or  other  of  the  above-described  changes  in  the  yellow  spot. 
In  this  region  there  are  almost  invariably  to  be  seen  whitish  spots, 
little  accnmulations  of  pigment^  and  other  proofii  of  atrophic 
degeneration,  even  before  any  complaint  is  made.  Usnally  the 
degeneration  of  the  yellow  spot  sets  in  much  earlier  in  one  than  in 
the  other  eye ;  but  while  we  see  it  tolerably  complete  in  the  one, 
precisely  the  changes  just  mentioned  appear  in  the  second  eye,  and 
foretell  but  too  certainly,  that  after  a  few  years  direct  vision  will 
here  also  be  lost.  Against  the  progress  of  this  degeneration  we  can 
fay  hygienic  measures  do  comparatively  little,  and  by  proper  medical 
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treatment  nothing  whatever.    It  is  true  that  even  now  the  acuteness 
of  vision  sometiincs  improves ;  but  in  this  case  we  must  suppose  that 
the  difltnrbanoe  was  dependent  nUier  on  imtation  of  the  ledm^ 
rapervening  on  the  atiophj:  the  atrophy  itadf  runs  legnlarff 
through  its  oonrae,  and  oomhaiing  the  attendant  symptoms  of  inila- 
tion  can  at  most  retanl  this  course.    The  dimness  which  vras  com- 
plaint d  of,  sometimes  continues  for  a  long  time  almost  unchanged, 
until  in  a  few  days  or  weeks  reading  becomes  wholly  impossible.  This 
docs  not  always  indicate  a  really  quicker  development.    Tlie  latter, 
indeed,  occurs,  and  sometunes  even  a  local  effusion  of  blood  in  the 
yellow  spot  pats  an  end  at  once  to  direct  vision ;  bat  in  genenl  it  is 
only  the  extension  to  the  foTea  oentralisy  which  so  rapidly  injures  the 
a<  utcncss  of  vision.    In  fact,  there  have  been  idinost  always  lonsr 
before  numerous  little  blind  spots  scattered  here  and  there  in  the 
retina,  and  particularly  around  the  fovea  centrahs.    They  sometimes 
even  extend  into  a  part  of  the  fovea  centralis,  which  in  another  part 
still  continaes  available.  Peculiar  phenomena  may  be  prodaced  by 
these  groups  of  sootomata:  thus  I  have  seen  cases  in  wbieh  voy 
small  print  was  more  easily  and  more  quickly  read  than  a  larger  one, 
because  of  the  latter  a  whole  word  was  never  seen  at  once,  and  even 
larger  letters  were  only  partly  visible.    The  glimincrinir  complained 
of  is  entirely  due  to  the  fact,  that  in  slight  movements  of  the  eye  the 
letters  form  their  images  alternately  on  sensitive  end  insensitive  paiti^ 
and  thus  each  time  come  and  disappear,  sometimes  with  change  of 
form,  according  to  irregular  dispboement  of  the  perdpient  dements. 
So  long  as  the  fovea  centralis  still  fixes^  tiie  patients  csn  themselves 
very  well  project  their  scotomata  on  a  surface,  for  example,  on  a 
sheet  of  paper,  and  fixing  a  given  point,  can  circumscribe  the 
boundjiries  of  the  blind  spots  with  a  strongly-contrasting  object.  In 
this  manner  we  can  satisfy  ourselves  as  to  the  existence  of  these 
groups  of  scotomata  in  the  region  of  the  yellow  spo^  without  the 
fovea  centralis  being  as  yet  affected  and  reading  having  become  an 
impossibility. 

The  scotomata  in  question  are  little  limitations  of  the  field  of 
vision.  We  should  suppose  that  they  must  exhibit  themselves  as 
black  spots.  This,  however,  they  do  not ;  almost  invariably  thcf 
are  seen  only  more  or  less  distinctly  as  grey  spots.  They  approach 
in  this  respect  the  undefined  nan-vieion,  the  hiatus  in  the  field  of 
vision,  which  is  projected  through*  the  nerve-surface,  and  this  k,  in 
fact,  to  be  compared  with  the  portion  of  space  lying  beyond  our 
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field  of  vision,  for  example,  behinil  us  ;  \vc  do  not  see  it  black,  we  sec 
it  not.  That,  however,  local  scotomata  of  the  retina  also  sliould  not 
appear  black,  is  oeriaijalj  strange,  the  more  so  because  tliat  with 
respect  to  them,  we  cannot  think  of  subjective  action,  which  must 
exhibit  itself  in  the  dark  or  in  dosed  eyes  as  light. 

In  connexion  with  sootomata,  it  seema  fit  here  to  state  some 
iiscta  with  leferenee  to  limitation  of  the  field  of  vision  in  gene- 
ral. Even  long  ago  some  knowledge  existed  on  this  snhjeet. 
Mariotte  discovered  the  blind  spot  named  after  him,  which 
discovery  attracted  much  attention  at  the  time,  and  gave  rise  to 
various  theories.  Latterly,  too,  it  has  often  been  treated  of.  De- 
terminations of  its  magnitude  and  position  might  have  led  to  the 
infeience,  that  it  corresponds  to  the  nerve-surface,  before  I  had 
shown  that  a  little  image  of  a  flame,  thrown  with  the  ophthalmoscope 
upon  this  snrfaoe,  actually  does  not  become  visible  to  the  eye  under 
examination,  until  it  passes  the  bounds  of  the  nerve-8ur£sce.  It  was 
known,  too,  that  the  field  of  vision  is  sometimes  partly  lost,  and 
hemiopia  and  visus  dimidiatus  were  spoken  of.  But  I  believe  I  am 
correct  in  stating  that  the  systematic  investigation  of  the  limits  of 
the  field  of  vision  in  amblyopia  was  iirst  introduced  into  practice  by 
von  Graefe.'^  Dr.  Snellen  subsequently  applied  him^lf  to  show, 
that  in  many  eases  of  amblyopia,  without  actual  limitation  and 
without  scotomata,  particularly  where  ophthalmoscopic  investigation 
exhibited  no  morbid  changes,  direct  vision  is  almost  always  very 
mflch  diminished  in  the  whole  region  of  the  yellow  spot:  the 
boundary  ^where  the  duller  vision  begins,  is  in  these  cases  often 
tolerably  accurately  indicated  on  the  projected  field  of  vision. — 
The  limitation  of  the  field  of  vision  is  in  general  examined  in 
the  way  in  which  Mariotte  demonstrated  the  lacuna  discovered 
by  him.  However,  the  projection  takes  place  at  a  shorter  dis- 
tance (which  in  myopes  is  indeed  necessary),  in  general  at  the 
distance  of  a  foot,  nnleas  a  high  degree  of  myopia  requires  still 
greater  proximity.  In  order  to  be  able  to  preserve  the  result 
obtained,  we,  on  each  trial,  make  use  of  a  separato  sheet  of  paper,  of 
a  dark-blue  colour,  70  centimetres  (27i  English  inches)  in  breadth, 
and  60  (23^  English  inches)  in  height,  which  is  fixed  in  a  frame 
and  is  thus  hung  up  vertically.  On  this  a  little  white  cross  is  now 
drawn,  and  a  small  piece  of  clean  white  chalk  fastened  in  a  long, 
dark  handle  (the  colour  of  the  paper),  is  then  moved  in  all  direc- 
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tions  from  the  periphery  of  the  field  of  vision,  with  a  sHght  shaking 
motion,  towards  the  fixed  cross,  and  the  point  is  marked  where  the 
chalk  seems  to  disappear.  If  a  blind  place  is  thus  found,  we  proceed 
with  the  chalk  in  all  directions  from  it,  and  mark  the  points  where 
the  chalk  begins  to  be  seen.  These  points  we  connect  with  a  line, 
which  now  indicates  the  boundaries  of  the  limitation.  The  ascertained 
field  of  vision  is  then  copied  on  a  small  scale  in  the  record  of  the 
patient's  case,  and  the  blind  part  is  blackened.    If  a  part  of 

the  field  of  vision  is  found  to  be  in- 
Fig.  149.  sensible  to  the  white  chalk,  but  not  to 

stronger  impressions  of  light,  for  example, 
to  those  of  a  little  flame,  this  is  indicated 
by  streaks  (compare  Fig.  149,  being  the 
projection,  consequently   the  inverted 

image  of  a  right  eye  with  M  =  S 

o 

14        .  .  . 

=a-^^,  and  limitation  of  the  field  of  vision 

by  detachment  of  the  retina, — the  projection  reduced  for  a  distance 
of  about  18  mm.,  and  therefore  the  distance  between  the  nodal  point 
and  the  retina  being  assumed  to  be  equal  to  18  mm.,  of  the  natural 
size,  at  least  for  the  central  parts) :  the  little  cross  signifies  the 
fixed  point,  that  is,  the  projection  of  the  fovea  centralis;  n,  the 
blind  spot  of  Mariotte.  It  is  evident  that  in  the  method  described 
the  most  external  part  of  the  field  of  vision  is  not  examined, 
general,  this  is  done  with  sufficient  accuracy,  according  tq  the  mode 
stated  at  page  193. 

As  limitations  more  properly  peculiar  to  myopia,  we  have,  in  addi> 
tion  to  the  above-mentioned  scotomata,  still  to  mention  chiefly  those 
which  occur  as  ampUfications  of  the  spot  of  Mariotte ;  as  well  as 
those  which  depend  on  atrophic  spots  developed  with  inflammatory 
symptoms ;  on  detachment  of  the  retina,  in  consequence  of  exudation 
and  sometimes  of  extravasation  of  blood ;  on  extravasation  of  blood 
also  in  the  tissue  of  the  retina ;  finally,  on  glaucoma. — As  to  the 
spot  of  Mariotte,  von  Graefe  states  that  a  magnifying  of  its  surface 
in  the  sclerotico-chorioiditis  (the  staphyloma  posticum)  of  myopes  can 
always  be  demonstrated.  Von  Hasner  and  others  state  the  same. 
Von  Jaeger  attributes  this  to  the  displacing  inwards  of  the  optic  nerve 
assumed  by  him,  with  which,  of  course,  the  percipient  layer  must  be 
defective  at  the  margin  of  the  chorioideal  opening.  My  investiga- 
tions have  shown  that  with  a  slight  development  of  the  crescent,  as 
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we  can  observe  oplitlialmoseopicallj  wifcli  a  KtHe  image  of  light,  tlie 
X>©rception  of  light  is  not  deficient  there,  but  that  in  high  degrees 
with  complete  atrophy  it  really  wholly,  or  ahnost  entirely,  disappears 
(compare  Fig.  11-8  n)  :  sometimes  even  we  find  again  tolerably  accu- 
rately in  the  projected  form  that  of  the  crescent.    It  is  also  in  a 
pliysiological  point  of  view  not  unimportant,  that  even  in  those 
c^ses  the  condnction  of  the  more  peripherically  zeoeiTed  etimnlns 
of  the  letiiia  is  not  deficient  over  tiie  abophie  oresoent, — ^whence 
it  appeals,  that  tbe  fibrous  layer  of  the  ntinay  throngfa  which  this 
oondnctioii  must  Uke  place,  has  not  essentially  suffered. — Be* 
speeting  the  smaller  and  larger  scotomata  of  the  atrophic  spots,  we 
liave  no  more  to  say ;  it  is  enough  that  those,  too,  do  not  inter- 
rupt the  conduction  from  more  peripheric  parts. — Detachment  of 
the  retina  is  one  of  the  worst  morbid  formsj  to  which  the  myopic 
eye  is  much  more  liable  than  any  other  |  it  is  met  with  chiefly  in  the 
lowermost  half,  which  according  to  von  Graefe  is  to  be  ascribed  to 
the  fact>  that  when  it  occurs  in  high  parts,  it  may,  by  sinking  of  the 
fluid  be  transmitted  downwards.   Sometimes  it  is  only  to  a  slight 
cxienty  and  the  retina  is  but  little  removed  from  the  ehorioidea.  In 
other  instances  a  great  part,  nay  even  the  whole  retina,  may  be 
detached,  and  it  then,  according  to  the  very  correct  expression  of 
Arlt,  assumes  the  form  of  a  convolvuhis-flower,  whose  stem  is  the 
optic  nerve.  When  the  detached  portion  is  of  moderate  size  it  projects 
far  enough  into  the  vitreous  humour  to  be  seen^  even  in  considerable 
not  inverted^  without  a  n^tive^  or  even  witii  a  positive  glass .  We 
feeogniie  i|  at  onoe  by  its  grey  colour,  and  by  the  moveable  folds  of 
the  membnne;,  on  which  the  re|pal  vessels  are  very  distinctiy  visible, 
at  first  even  with  difference  of  colour  of  the  arteries  and  vems.  It 
is  remarkable  that  the  perception  of  light  has  then  not  yet  ceased,  so 
that  we  must  suppose  that  the  layer  of  rods  has  separated  with  the 
retina,  and  may  in  this  state  continue  sensitive  to  the  impressions  of 
light.    A  striking  case  of  this  kind  occurred  to  me.   A  girl,'  aged 

fifteen,  with  M  =  ^  in  both  eyes,  on  a  sudden  cried  out  with  joy 

that  flihe  could  see  the  people  at  the  other  side  of  the  street  before 
the  window,  and  oould  even  recognise  them.  Her  joy  was,  however, 
of  short  duration.   Three  days  later  the  eje  was  quite  blind,  and  I 

discovered  a  detachment  of  the  retina,  extending  through  the  yellow 
spot,  whereby  the  latter  was  pushed  forward  almost  into  the  posterior 
focus  of  the  eye.  Whether,  in  general,  in  detachment  of  the  retina, 
the  di»tuibanoe  is  very  important,  depends  chiefly  on  its  seat ;  if  the 
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yellow  spot  is  implicated,  the  eye  is  to  be  considered  as  nearly  lost ; 
if  it  has  remained  free  it  is  iievtTtheless  oftcu  deranged  in  its  func- 
tion, especially  when  the  detacliinent  extends  into  the  viciiiity  of 
the  spot ;  but  this  (Hsturbance  may,  under  proper  management,  again 
m  great  part  give  way.    Not  unfrequently,  however,  the  detachment 
sooner  or  later  extends  still  further.    Yon  Graefe  thinks  he  has  ob* 
aenred  that  this  takes  place  chiefly  when,  with  staphyloma  postieiimj 
extensiTe  atrophy  odats  in  the  fondns  oeuli,  and  I  believe  I  mnst 
agree  with  him  in  that  opinion.  Bnt  still  I  have  seen  a  few  cases, 
where,  with  advanced  atrophy,  a  partisl  detachment  of  the  retina 
was  for  many  years  stationary,  and  the  acuteuess  of  vision  in  the 
yellow  spot  was  maintained.    Well-established  cases  of  recovery  by 
the  spontaneous  replacement  of  the  retina  are  very  rare.    I  have 
seen  only  one,  in  wliich,  too,  a  relapse  occurred^  and  Liebreich  also 
has  described  one.*   This  melancholy  result  certainly  justified  the 
attempt  to  effect  an  impro?ement  by  means  of  operation,  and  such 
has  really  in  some  cases  been  obtained.  If  the  detached  retina  baa 
once  become  atrophie, — and  this  is  pretty  often  tiie  cascj,  as  is  aiqMurent 
from  the  disproportionate  loading  of  the  Teasels,  with  perceptibly 
metamorphosed  blood,  the  presence  of  pigment  sj)ots,  the  lo>s  of 
colour  and  a  certain  transj)arency, — discharge  of  the  fluid,  or  section, 
can  have  no  other  object  than  to  prevent,  so  far  as  possible,  the  fur- 
ther extension  of  the  lesion.  Almost  always  the  fluid  situated  behind 
the  retina  is  of  a  serous  nature,  more  or  less  turbid,  and  subject  to 
farther  metamorphosis.   Such  fluid  will  here  oocnr,  when  it  can  be 
exuded  from  the  yessds  under  hif^  pressure  thui  that  to  whlA 
the  Titieons  humour  is  ^posed.        condition  fon  its  formation  we 
know  not,  but  it  is  certain  that  when  tne  retina  is  detached  the  bulb  is 
usually  soft.  It  is  very  plausible  to  aij^ume  that  the  extension  which 
the  retina  undergoes  in  staphyloma  posticum  may  cause  it  to 
be  more  easily  separated  from  the  chorioide^i,  and  it  seems  certain 
that  increasing  staphyloma  must  promote  its  further  detachment. 
In  tliis  state  now  the  limitation  of  the  field  of  vision  is  and  continues 
to  be  the  principal  phenomenon.   In  the  commencement  espedaUj 
the  limitation  is  still  more  extensive  than  the  detachment^  and  often 
it  seems  that  direct  vision  is  almost  destroyed^  while,  nevertheless,  it 
snbsequently  appears  that  the  yellow  spot  is  not  involved  in  the 
process.  Exceptionally,  too,  effusion  of  blood  is  the  cause  of  detach- 
ment of  the  retina.    This  is  true,  not  only  of  myopic,  but  alsp  of 
•  Archivf,  OpkUuUmoi€ffig,  B.  v.  2.  p.  251. 
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other  eyes.    Occasionally  one  or  more  relapses  of  hffimorrhage  of  the 
chorioidca  occur^  with  perforation  of  the  retina,  after  which  the 
blood  effused  in  the  vitreous  hamonr,  each  time  in  proportion  as  the 
eye  lias  meanwhile  become  softer,  appears  in  greater  quantity,  to  be 
each  time  again  more  or  less  perfectly  absorb^.  Finally,  on  a  firedi 
relapse,  the  blood  remains  now  also  behind  the  retina,  and  separates 
it  from  the  chorioidea.  At  the  same  time  it  may  partly  be  again  eflbsed 
in  the  vitreous  Immour.    In  general,  the  detached  retina  cannot 
be  distinguished  so  well  when  blood  occurs  behind  it ;  and  when 
there  is  simultaneous  effusion  into  the  vitreous  humour,  the  dia- 
gnosis is  at  first  often  very  uncertain,  and  the  investigation,  in 
what  directions  perception  of  light  has  remained,  is,  on  acoonnt 
of  the  opadly  of  the  blood  aocomnlated  in  the  lower  parts  of 
the  ▼itreons  bomomr,  veiy  deceptive.  —  The  hemorrhages  here 
spoken  of,  certainly  occor  more  frequently  in  myopic  than  in 
other  eyes,  and  it  is  easy  to  imderstand  that  wlule  in  atrophy 
the  larger  bloodvessels  of  the  chorioidea  continue  long  filled  with 
blood,  the  disposition  to  laceration  through  further  extension  must 
exist.    However,  on  account  of  tlie  frequent  occurrence  of  detach- 
ment by  a  serous  liuid,  precisely  in  myopic  eyes,  the  separation  of  the 
retina  is  in  them  comparatively  still  more  rarely  the  result  of  effusion 
of  blood,  than  in  other  eyes.    To  effusions  of  blood  in  the  retina 
itself,  and  firom  the  retinal  TesseLB,  the  myopic  eye  is  also  Toy  much 
inclined.   The  circomscribed  extramation  of  blood,  sometimes  to 
be  seen  in  the  yeOow  spot,  and  in  some  measure  elevating  the  latter, 
is  certainly  derived  from  effusion  from  a  chorioideal  vessel ;  on  the  other 
hand,  we  not  unfrequently  see  in  the  retina  itself  a  number  of  smaller 
extravasations  near  the  retinal  vessels,  and  apparently  derived  from 
the  latter.   Of  sojue  larger  retinal  sanguineous  infiltrations  it  is  also 
more  than  probable  that  they  took  their  origin  from  retinal  vessels. 
The  chief  symptom  in  these  cases  is  the  scotoma,  or  the  interruption 
of  the  field  of  vision,  which  is  always  more  lemaiked  and  more 
troublesome,  the  closer  it  is  to  the  yeQow  spot. 

WiHh  all  these  morbid  changes  in  the  fundus  oculi  occur,  to  a 
greater  than  ordinary  extent,  changes  in  the  vitreous  humour,  which 
in  general  give  rise  only  to  flakes  floating  before  the  field  of  vision, 
but,  nevertheless,  in  some  instances,  especially  when  they  are  of  a 
membranous  nature,  very  essentially  interfere  with  the  power  of 
\ision ;  and  with  these  changes  of  the  vitreous  humour  is  combined 
the  disposition  to  opacity  of  the  lens,  which,  undoubtedly,  is  greater 

^  26 
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in  myopes  than  in  emmetropes.  It  is  remarkable  that  in  the  com- 
mencement of  cataract  rayoi)e8  imagine  that  it  is  only  their  myopia 
which  is  increasing.  As  they  see  objects  at  a  short  distance  from 
the  eye  under  great  angles,  they  do  not  so  immetliately  experience 
much  inconvenience,  for  example,  in  reading.  Therefore,  they  re- 
mark at  most  that  with  respect  to  distinguishing  at  a  distance  they 
are  retrograding,  and  they  are  surprised  only  that  their  myopia,  which 
ought  to  improve  with  years,  as  it  is  said,  is  on  the  increase. 

In  connexion,  finally,  with  high  degrees  of  staphyloma  posticum, 
glaucoma  is  not  unfrequently  developed,  especially  at  a  more  ad- 
vanced period  of  life;  this,  however,  in  its  typical  form,  belongs 
rather  to  the  emmetropic  and  to  the  hypermetropic  eye.  When 
combined  with  high  degrees  of  M,  it  appears  as  if  it  ought,  even  in 
its  origin,  to  be  considered  as  a  distinct  form  of  disease,  having  for 
the  most  part,  in  common  with  ordinary  glaucoma,  only  increased  ten- 
sion of  the  eyeball  and  excavation  of  the  optic  nerve.  It  is  glaucoma 
simplex  in  so  far  as  the  ordinary  inflammatory  symptoms  proper  to 
glaucoma  are  wanting,  but  beyond  this  it  is  distinguished  from  ordi- 
nary glaucoma  by  less  hardness  of  the  eyeball,  oblique  direction  of 
the  excavation,  unusual  limitation  of  the  field  of  vision,  and  the 
absence  of  other  symptoms ;  while,  moreover,  we  cannot  in  these 
cases  reckon  so  certainly  upon  the  results  to  be  obtained  by  iridc-c- 
tomy,  as  in  the  ordinary  cases  of  glaucoma. — Lastly,  we  have  still 
to  observe,  in  connexion  with  this  subject,  that  in  apparent  strabismus 
convergens  (the  result  of  displacement  of  the  visual  line)  the  mobility 
of  strongly  myopic  eyes  is  often  somewhat  limited,  that  especially 
sufficient  convergence  for  binocular  vision  is  not  attained,  so  that 
perseverance  in  the  attempt  to  efi'ect  it  leads  to  muscular  asthenopia, 
and  therefore  those  who  are  highly  myopic  usually  read  only  with 
one  eye,  and  that  not  unfrequently  relative,  and  at  length  abso- 
lute diverging  strabismus  is  the  result.  Of  this  I  think  it  more 
convenient  to  speak  in  a  separate  paragraph. 

§31.  Insufficiency  of  tue  internal  Muscles  and  Diverging 

Strabismus,  both  Results  of  M. 

Diverging  strabismus  is  in  general  combined  with  M.  In  the 
commencement  of  my  statistical  investigations,  I  had  become  aware 
of  the  connexion  between  hypermetropia  and  strabismus  convergens; 
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bat  I  ma  fiir  from  saspectiBg  that  myopia  stands  in  almost  as  close 
a  relation  to  strabismus  divergens.  Systematic  investigation  first 
brought  this  to  light. 

The  nature  of  the  connexion  is  not,  however,  in  each  case  the 
same.  If  hypermetropia  produces  strabismus  convcrgcns,  this  takes 
place  in  fact  in  virtue  of  tlie  tension  of  accommodation  required  in 
consequence  of  the  anomaly  of  re&action.  If  strabismus  divergens 
anaes,  in  connexion  with  myopia,  the  anomaly  of  refiraction,  as  such, 
18  not  indeed  wholly  without  action,  bnt  the  anatomical  element  has 
tbe  chief  canssl  izufluenoe,  I  mesn  tke  diitentkm  and  ik$  altered 
Jwrm  qfihe  eyeball:  therefoie  where  myopia  exceptionally  depends 
on  other  causes,  consequent  strabismus  is  not  to  be  expected.  Li  the 
ordinary  forms  of  M,  the  greater  dimensions  in  general  in  them- 
selves interfere  with  the  mobihty  of  the  eye,  but  still  it  is  chiefly  the 
ellipsoidal  form,  which,  in  turning  round  the  short  axes  in  a  cavity 
of  similar  shape,  in  consequence  of  the  required  change  of  form,  gives 
rise  to  great  resistance.  Besides,  the  centre  of  motion  has  removed  not 
only  from  the  anterior  but  also  from  the  posterior  surface  of  the  eje. 
Besides  its  poeitionis  in  general  not  unfaTouiable.  Investigations  made 
in  concert  with  Dr.  Dojer  showed,  namefy,  that  it  is  sitnated  behind 
the  middle  of  the  visual  axis^  and  indeed  in  such  proportion^  that  the 
part  in  front  of  the  centre  of  motion  is  to  the  part  of  the  visual  axis 
behind  this  centre  as  57*32  :  42' iC,  that  is  about  =  15  :  11.  Bat 
almost  the  same  pro}K)rtion  was  found  also  in  the  longer  visual  axis 
of  myopes :  it  is  in  the  latter  on  an  average  even  somewhat  less 
favourable^  namely,  =  5  6  83  :  43*17*  The  annexed  table,  in  which 
the  angle  a  is  also  introduced  (compare  p.  181),  contains  the  results 
of  observaticm  in  detail. 
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The  table  shows  that,  with  a  single  exception,  the  centre  of  motioii 
in  the  myopic  eye  is  absolutely  farther  horn  the  posterior  satfiMse  of 
tlie  sderotic  than  in  the  emmetropic  (=  9*99  mm.)^  and  in  gcncnl 
the  more  so,  the  higher  the  d^ree  of  M  ia;  and  almost  inwaably,  too^ 
the  reioHve  position  in  the  visnal  axis  is  more  nnfavonrable.  Moie- 
over  the  angle  a  (between  the  axis  of  the  cornea  and  visual  line) 
particularly  small,  and  in  five  cases  is  even  negative,  that  is,  it  is 
situated  to  the  outside  of  the  axis  of  the  cornea. 

As  a  result  of  the  greater  distance  from  ih»  oentrc  of  motion  to 
the  posterior  snr&oe  of  the  sclerotic,  the  excnrsions  are  in  these  cms 
greater  for  eqnal  degrees  of  rotation,  and  taming  is  therefore  neces- 
sarily limited.  This  limitation  wonld  be  still  greater,  if  the  entranee 
of  the  o])tic  nerve  was  not,  in  consequence  of  tlisprojK>rtionate 
extension  of  the  external  posterior  part  of  the  segment,  usuailj 
transferred  more  inwards,  and  thus  removed  comparatively  less  from 
the  centre  of  motion.  Besides,  the  greater  distance  between  the 
centre  of  motion  and  the  points  of  insertion  of  the  rnnsdea;,  to 
which  distance  the  aro  of  rotation,  obtained  with  a  given  sbortening 
of  the  mnsdes,  is  inversely  proportional,  may  contribnte  to  produce 
limitation. 

Meanwhile,  apart  from  all  this,  the  longer  eyeball,  as  snch,  suffi- 
ciently accounts  for  the  existing  limitation.    This  is  true  of  move* 
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ment  both  inwards  and  outwards.  In  myopes  it  is  so  general,  that 
of  the  seventeen  eyes  nine  fell  so  short,  that  in  the  determination  of 
the  centre  of  motion  onr  method  (compare  p.  185],  requiring  an 
excursion  inwards  and  outwards  of  not  more  than  28%  was  not  appli- 
cable without  modificatiou.    The  limited  movement  outward  has,  in 
tlie  first  place,  no  other  result  than  that  the  lateral  excursions  for 
distant  binocular  vision  are  less,  and  that  turning  the  head  more 
rapidly  must  supplement  it,  which  besides  is  necessary  in  wearing 
spectacles.    But  the  insufficiency  of  the  turning  inwards  has  other 
nnd  more  important  results,  which  we  have  consecutively  to  consi- 
der, in  order  to  arrive  at  the  occnnence  of  absolute  diverging  stra- 
bismnsj  as  its  ultimate  effect 

Insufficiency  of  ike  inward  movement  we  assume,  when  the  visoal 
lines  cannot  be  brought  to  intersect  at  a  distance  of  2"%  at  which 
they  cut  one  another  undL-r  un  angle  of  about  51*.  In  high 
degrees  of  myopia  this  insufficie ucy  exists  almost  without  exception. 
For  this  a  double  cause  may  be  assigned.  In  the  lirst  place,  the 
mobility  is,  as  we  have  seen,  actually  diminished  by  distention  and 
modification  of  form,  and  the  insufficiency  is  so  far  to  be  considered 
abtoMe*  But,  in  the  second  place,  in  order  to  bring  the  visual  lines 
to  intersect  at  the  distance  of  the  angle  a  being  small,  the  axes 
of  the  cornea  must  he  brought  under  still  dron^er  convergence  than 
in  emmetropic  eyes.  We  thns  understand  that  even  where  the  in- 
ward movement  does  not  fall  absolutely  too  shorty  it  must  at  least 
relatively  do  so. 

Kow  the  insufficiency  of  which  we  are  here  speaking,  leads  in  some 
instances  to  fatigue  in  vision,  when  the  work  requires  a  certain  con- 
veigence  to  be  maintained  for  a  long  consecutive  period  {iutkenopia 
mmeularia). 

Cases  have  occurred  to  me^  in  which  there  was  at  first  vision  with 
both  eyes,  bat  where,  on  fatigue,  the  one  eye  gave  way,  and  the  work 
was  then  attended  with  less  difficulty ;  others  where  precisely  that 
giving  way  caused  trouble  and  was  complained  of.    This  latter  state 

I  met  Willi  where  tlit*  degree  of  M  was  roiiipaiativt'ly  slight,  and 
where,  therefore,  besiiles  the  resistance  of  the  eye,  a  certain  weakness 
of  the  muscles  (not  only  insufficiency  of  movement,  but  true  ui.suffi- 
riency  of  the  musculi  recti  intent  f)  nmst  be  understood  :  a  condition, 
which  in  moderate  degrees  of  ^I,  1  have  found  to  be  bereditaiy,  with 
the  phenomena  just  described.  With  this  giving  way  on  continued 
tension  relaiive  diverging  strabimut  is  already  admitted:  at  a 
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gwiter  diltMicff  the  visoal  ijnes  are  propaiy  dgccted;  in  ckite  vari^ 
ody  one  cje  is  used. 

Bflbti?e  diTorging  stnUnmii  is  hoe  wprescntod  as  tlie  lesok^  is 
iOM  sense  ss  a  father  deirelopment,  of  the  insnffiaency  of  the  m- 
ward  movement.  To  n  eetlaai  extent  this  is  eooeet  But  if  ve 
endeavour  to  defme  tins  relative  strabismus,  it  appears  that  it  « 
inseparable  from  high  degrees  of  M,  aiui  that  if  the  iiioveiru  nt  were 
not  at  the  same  time  limited,  the  stnibismus  would  nevertheless  be 
present.  Belative  divei]^ng  strabismus,  in  fact,  exists,  so  soon  as  tLe 
proximity  reqniisd  for  acnte  sigbt  exclodas  binocoiar  vision.  In  un- 
Hmited  ooiiTageaee  also  it  therefore  occurs,  so  soon  as  the  farthefi 
point  of  distinct  viabn  has  appraaehed  to  within  the  point  of  oob* 
▼ergenoe  of  the  ^es.    Taken  in  this  sense,  idaAive  drreigiiig 

strabisinns  i^,  for  eumple;,  with  M  >       neceasazily  present; 

always  indeed  (cases  of  strabismus  convergeus  excepted),  when  there 
is  a(  ute  vision  without  glasses^  the  one  eye  has  deviated  out- 
wards. 

In  the  foregoing  it  is  included  that  relative  diverging  strabis- 
mus may  arise:  on  the  one  hand,  where  there  is  oonsidenhk 
insnffidcaifty  ol  the  mnscnli  recti  intemi,  without  any  myopia ;  on 
the  other^  in  hig)i  degrees  of  myopia,  without  any  insitffidency.  In 
£(iet^  it  oocnrs  in  its  most  important  forms,  when  M  and  insoffioieiii^ 
are  combined  in  a  moderate  degree.  Myopia  must  here  be  our 
starting-point.  If  the  myopia  be  absent,  the  insufhrioncy  usually 
produces  only  muscular  asthenopia,  and  is  seldom  developed  to  stra- 
bismus divergens.  If  ]\f  be  present,  a  number  of  causes  coincide,  to 
produce  strabismus  divergens,  at  least  relative,  and  precisely  thus 
to  prevent  asthenopia  muscularis.* 

The  formula  is  simple,  and  has  aheady  been  given  above  in  refer- 
ence to  insufficiency :  myopia  requires  more  convergence  of  the  visaal 
lines,  beeaose  vision  takes  place  closer  to  the  eye,  and  precisely  in 
M  the  convergence  is  for  two  reasons  more  difficult,  first,  on 
account  of  the  impeded  movement,  and  secondly,  on  account 
of  the  altered  direction  of  the  visual  lines  (the  smaller  angle  a). 

•  Thus  we  read  also  in  von  Oraefe  (Archiv  f.  Oph.  B.  viii.  p.  343)  :— 
"  It  has  been  already  mentioned  that  myopia  supplies  an  important,  but  not 
abHoliitfly  propondrrnting  contingent  (in  mnscnlar  asthenopia).    The  latter 

would  indeed  be  tho  caso,  (f  those  irJio  arc  hlfjhltj  luyopic  did  not  paf$ 
throuijh  the  pcrtoft  of  asfhrnnjiiii  tnfit  sfnihiamua  diveryetuit  much  more 
rapidly  than  hypermetropeti  and  emmetropes." 
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T^ative  diverging  slnbumiu  oocon  preferential  ly  inlf^  Mows 
dm  tiiese  fiuste  as  a  matter  of  course.   And  tins  is  stBl  more  the 

Lse  l3ccause  the  need  of  binocular  vision  and  the  aversion  to  double 
.^SL^Gs,  here  afford  no  important  counterbalancing  power.  It  is 
most  always  a  small  object  that  the  myope  wishes  to  sec  acutely  : 
e  a^pproximates  it  to  the  eye  that  he  wishes  to  QS^  and  the  other  is 
lean^hile  directed  to  remote  olijects  wfaicihy  oa  accoimt  ol  the  myopia, 
cipplj  Ycrj  diffose,  and  therefore  bat  verj  slightly  distmbing  images. 
£  now  yiaioa  onoe  takes  ^ket  with  deviation^  there  can  be  little 
enctency  to  make  the  tension  required  for  convergence ; — the  less 
o,  l^ecause  at  the  same  time  the  distance  R  (that  of  the  farthest  i>oint 
if  distinct  vision)  would  become  smaller,  and  the  object  should 
tlierefore  be  held  still  closer  to  the  eye.  Precisely  when  difhculiy 
In  convergence  begins  to  be  experienced,  does  the  associated  ten- 
flocm  of  accommodation  become  particalariy  great. 

In  progresflsre  myopia  we  often  observe  how  binooiilar  vision 
attempts  to  maintain  itself  against  the  relative  diverging  strabismos. 
It  is,  however,  usually  obliged  speedily  to  give  way  to  tlie  fatigue 
arising  from  the  tension.    Reading,  for  example,  is  at  first  binocular, 
but  after  some  time  one  eye  yields,  involuntarily  and  unconsciously, 
so  that  the  complaint  is  made  that  one  page  moves  over  the  other. 
We  can  now  establish  nomerons  transitions.   If  an  object  be  9^ 
prozimated  more  and  more  to  the  eyes,  the  convergence  increases  to 
nearly  its  maximum.    If  the  object  remains  here,  one  eye  yields  the 
more  speedily,  the  nearer  the  object  had  approached  to  the  maxi- 
mum of  convergence.    It  immediately  gives  way  when  the  object 
is  brought  to  within  the  maximum  of  convergence.    This  happens 
likewise  directly  when  in  stong  convergence  the  one  eye  is  covered 
with  the  hand.   If  the  covering  hand  ia  now  removed,  the  yielding 
of  the  convergence  nevertheless  oontinnes.  Even  when  the  object  was 
approximated  to  the  eye,  while  bdbre  the  other  open  eye  the  hand  is 
held,  the  convei^ence  is  seldom  sufficient :  the  endeavour  to  main* 
tain  the  binocular  vision  commenced  at  a  greater  distance,  was 
the  absolute  condition  under  which  the  convergence  was  developed; 
in  perfectly  established  relative  diverging  strabismus,  even  under 
that  condition,  it  is  absent,  ^he  greatest  difficulty  is  always  exp&- 
rienoed  when  the  eyes  are  directed  upwards.   As  a  transition  we 
observe,  that  in  fatigue  there  is  no  convergence^  while  the  latter 
appears  after  rest  has  been  enjoyed. 
Ou  the  boundaries  between  alternating  and  confirmed  reli^^ 
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diverging  strabismus  lies  a  i)ractically  important  condition,  to 
I  formerly  directed  attention.^   The  coaditioii  ia  this :  thete  is  sM 
tendeocj  to  cooTergence,  this  is  seen  on  approximatiiig  an  objeesl 
hot  e?ea  before  the  distuice  of  distinct  fision  is  attained,  or  4 
least  soon  after,  the  one  eye  deviates.   If  we  now  give  eoBcsm 
spectacles,  which  bring  the  binocular  farthe:st  point  to  8*,  10*,  c? 
12',  vision  nirain  takrs  place  with  both  eyes.    Often,  however,  con- 
plaints  are  now  lieanl  of  the  occurrence  of  fatigue,  and  examiiiaT-"a!| 
shows,  that  not  the  tension  of  accommodation,  but  the  oouveigeL  i  i 
required,  slight  as  it  is,  is  the  cause  thereof.  ConaeqfoentiiJ 
asthenopia  muscularis  is  in  operation,  so  that»  in  order  to  nskcl 
hbocnlar  vision  poeaibk^  a  combination  of  the  coneave  with  a  pris-  i 
matie  g^lass  is  required.   In  these  cases  it  is  espedally  evident^  tin:  j 
tlut  cause  of  the  relative  diverging  strabismus  is  to  be  soiu^bt  >oa-T 
in  the  unpeded  movement  inwards,  while  the  tendency  to  co-operatioa 
of  the  two  retinas  for  the  sake  of  binocular  vision  may  continue  un- 
disturbed.   It  is  oidy  in  absolute  diverging  strabismus  that  that 
tendency  is»  as  shall  hereafter  appear,  not  unfrequently  removed. 

We  have  above  seen,  bow  in  progiessive  M  binocnlar  vision  for 
near  objects  usually  in  vain  endeavours  to  maintain  itself.  To  th» 
there  are,  however,  exceptions.  "  A  powerful  simultaneoas  action  o: 
the  recti  interni "  even  belongs,  according  to  von  Grat  lV^f  to  a 
"  relative  normal  shortsightedness."  He  goes  so  far  as  to  assert,  that 
it  is  to  be  considered  as  a  pathohgical  condition,  "  when  the  increase 
in  the  power  of  tension  of  the  internal  muscles  of  the  eye  does  not 
continue  in  harmonic  development  with  the  increase  of  the  refitactive 
condition  (of  the  myopia)  Indeed,  even  in  hi£^  dcf^rees  of  M, 
whether  on  account  of  a  favourable  size  of  the  eveball,  or  of  an 
original  or  acquired  preponderance  of  the  internal  recti  muscles,  the 
visual  lines  may  sometimes  be  properly  directed  in  close  vision,  and 
may  without  etl'ort  be  kept  in  that  direction.  But  this  in  many 
cases  is  obtained  only  at  the  expense  of  the  mobility  outwards. 
Limitation  of  the  latter  is,  in  such  instances,  rardy  absent^  and  it 
may  now  attain  to  that  degree,  that  the  visual  lines  cannot  in  distant 
vision  be  brought  to  parallelism,  which  constitutes  relative  converging 
strabismus.  And  if  with  increasing  M  in  these  cases  the  conver- 
gence for  near  objects  also  hcioini's  iusufiicient,  we  have  the  singu- 
lar combination  of  relative  diverging  strabismus,  in  vision  for  near 
objects,  with  relative  converging  strabismus  in  distant  vision,  while 

•  ArchivfUr  OpkiMm.  B.  viL  Abth.  1,  p.  83. 
t  Arekiot  B.  iiL,  1,  p.  300. 
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at  a  medium  distance  a  certain  margin  has  remained  for  binocular 
vision.  It  reminds  us  of  the  combination  of  M  with  presbyopia. — 
However,  as  1  have  observed,  this  is  all  exceptional.  ^Phe  rule  is, 
that  the  facility  of  convergence  does  not  keep  pace  with  the  develop- 
ment of  the  myopia,  and  that  the  tendency  to  relative  diverging  stra- 
bismus rapidly  becomes  lemarkable.  I  satisfied  myself  by  investiga- 
tion^ that,  proceeding  firom  the  Tiaoal  lines,  in  M  the  mobility 
inwards  is  in  a  great  nnmber  of  cases  very  soon  limited,'*^  while  that  * 
outwards  is  in  no  way  impeded,  nay,  that  nnder  the  inflnence  of  a 
prism,  the  visnal  lines  can  generally  be  brought  even  under  greater 
divergence  than  in  non-myopes.  It  appeared,  indeed,  to  be  in  favour 
of  tlie  more  ready  convergence  of  myopes,  that,  as  my  determinations 
of  the  relative  range  of  accommodation  showed,  certain  degrees  of 
convergence  are  possible,  without  proportionate  tension  of  accom- 
modation. This,  however,  furnishes  no  absolute  proof.  Erom  this  we 
learn  only  that,  by  practice,  the  association  of  accommodative  tension 
may,  np  to  a  certain  degree,  become  independent  of  the  effort  at  conver- 
gence, without  preventing  its  reappearance  when  the  effort  is  stronger. 

The  absolute  diverging  strabimiu  is  distingnished  by  divergence 
of  the  visual  lines  in  distant  vision.  In  close  vision  the  divergence 
sometimes  remains  unchanged ;  generally  it  diminishes,  or  even  gives 
place  to  a  certain  degree  of  convergence,  but  not  being  sufficient, 
binocular  vision  is  still  excluded.  In  a  few  cases,  however,  I 
observed,  that  in  looking  to  a  great  distance  divergence  existed,  but 
that,  on  looking  to  the  distance  of  some  feet  or  some  inches,  this  gave 
way  to  m^idmi  convergence,  which  was  then,  however,  not  to  be 
maintained.  The  fact  is  remarkable.  The  explanation  may  be,  that 
binocular  vision  is  mucb  more  important  for  the  estimation  of  near, 
than  for  that  of  remote,  objects. — ^At  first,  diverging  strabismus 
exists  usually  in  a  slight  degree,  and  only  slowly  increases.  Sometimes 
it  continues  in  but  a  slight  degree  during  the  whole  of  life.  I  have, 
indeed,  found  that  precisely  the  highest  degrees  of  divertjing  stra- 
bismus not  uufi'equently  have  another  origin  than  simple  myo})ia. 

It  is  commonly  the  custom  to  apply  the  term  squint  exclusively 
to  the  absolute  form.  In  this  sense  it  is  less  frequent  than 
strabismus  convergens.   And  if,  nevertheless,  a  certain  number 

•  On  this  subject  still  further  investip:ations  liave  been  made  by  oue  of  our 
students,  Mr.  Scliuermaa  :  the  mobility  of  the  eyes,  the  maximum  of  conver- 
gence, the  relation  to  prismatic  glasses,  &c.,  have  been,  in  connexion  with  the 
axis  of  the  cornea  and  the  visual  line,  with  determination,  at  the  sometime,  of 
the  position  of  the  centre  of  motion,  investigated  in  eyes  ot  diiterent  refraction. 
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of  CMO^  iboot  equal  to  tint  in  atniljwniUB  cuuveiguii^  is  to  be 
explained  b  y  primarY  distiiilMiioe  of  the  imiaciee  {panljaii^  nfloB* 

mation,  9pa5m,  complicated  congenital  anomalies,  &c.,  a  Uiiid  eye 
also  often  df-viates  outwards),  myopia  cannot  orrupy  the  same  pro- 
minent j)ositi(>n  as  an  etiological  element,  that  hyjiermetropia  does 
in  reference  to  strabismus  convergens ;  nevertheless,  in  about  two- 
thirds  of  the  cases  of  absolute  diverging  strabismus,  mjopia  was 
met  with.  But  on  the  other  hand,  we  take  reiatwe  diTcrging  stni- 
bismiia  alao  into  aeeoimt»  the  diveiging  ibnn  ia  aa  fieqaent,  if  not 
more  freqnent  than  tiie  oonragmg;  and  noW|  Buneofer^  the  eztiB> 
ordinaiy  canaes,  originally  proceeding  firom  the  nraaelea  or  from  bHnd- 
ness  in  one  eye,  fall  into  the  backgronnd  t  thefeforein  at  least  90  per 
cent,  uf  the  cmsos  of  relative  diverging  strabismus  we  find  M. — It 
is  often  rem  irked  that  while  strabismus  convergens  usually  occurs 
in  childhood,  strabismus  divergens  is  most  frequently  not  developed 
until  a  later  [)eriod.  The  observation  is  correct.  The  fact  is  con- 
nected with  the  cause  of  its  oecnnenoe :  frojfreuwe  wtfopim. 

Now  if^  in  general,  abeolate  diverging  atrabiamna  prooeeda  from 
idative,  it  ia  fiff  from  being  the  case,  aa  appears  eyen  from  the 
relationa  deacribed,  that  the  rebtive  dmnld  alws^  be  followed  hj 

the  absolute  form.  This  appears  to  be  rather  the  exception.  We 
here  meet  with  a  like  relation  to  the  eausc  as  in  eonverging  strabis- 
mus. Thus,  as  most  hypermetropes  are  spared  from  the  latter 
ali'ectioii,  we  certainly  find  many  myopes  with  relative  diverging 
strabismus,  without  the  absolute  fonn  being  developed  from  it. 
Hei^  therefore^  the  question  also  arises:  What  acoessray  eircum- 
stance  canaea  the  true  absolute  diverging  atmbismna  to  occur  ? 

Perhaps  we  may  be  able  to  invert  this  question,  if  we  first  con- 
sider whj,  in  general,  the  relative  deviation  predisposes  to  the  abao- 
lute.   Tlie  resoH  of  this  eonsideration  may  be  thn^  forronlised : — 

Relative  diverging  strabismus  gives  dissimilar  images  on  the  two 
yellow  spots,  particularly  in  close  vision.  The  need  of  equality  of 
impressions,  the  effort  at  simple  binocular  vision  must,  in  general, 
be  consequently  weakened.  A  eommeneenu  nt  of  deviation,  having 
arisen  where  much  advanced  convergence  was  required,  immediately 
attains  a  tolerably  high  degree,  by  simply  yielding  to  the  natural  ten* 
aion  of  the  muscles,'— partly  also,  perhaps,  although  nnconsdoualy, 
in  order  to  make  the  double  images  more  remote  from  each  otha, 
or  to  exclude  the  tension  of  accommodation  aasociated  with  diffi- 
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cult  convergence,  and  thus  to  rep|pve  the  furthest  point  of  distinct 
vision  from  the  eye.    In  general,  when,  for  example,  with  blind- 
ness of  one  eye,  the  iutenial  recti  muscles  are  no  longer  for  the 
sake  of  binocular  vision  of  near  objects  stimulated  to  contraction^  they 
soon,  through  diminished  energy,  become  ineffectual,  and  strabismos 
divergens  is  the  usual  resolt  thereof.   Belative  divergmg  strabismus 
now  leads  to  similar  inaction,  likewise  followed  bj  diminished  eneigy. 
Thns  two  important  factors  coincide:  slight  resistance  to  double 
images,  and  diminished  force  of  the  internal  muscles.    It  can,  there- 
fore, not  be  a  matter  of  surprise  that,  in  distant  vision  also,  the  action 
of  the  latter  soon  fails.    And  tliis  must  occur  the  sooner  in  m}  o])es, 
because  the  angle  a  is  particularly  small,  and  therefore  distant 
vision  requires  a  slighter  divergence  of  the  corneal  axes  than  in  em- 
metropes.   Now,  if  the  action  of  the  internal  muscles  be  once 
weakened,  the  effort  to  overcome  the  tendency  to  diyeigenoe  will 
easfly  make  the  fioihest  point  of  distinet  vision  apjHNMkch  the  eye, 
irin  thus  render  the  retinal  images  of  remote  objects  still  more 
diffuse,  and  instinctively  this  effort  will  therefore  not  occur,  or  it 
will  be  removed. 

Thus,  undoubtedly,  the  origin  of  absolute  diverging  strabismus  is 
satisfactorily  explained.  If  1  am  not  mistaken,  we  must  now  really, 
as  I  foresaw,  iuvert  the  foregoing  question.  We  ask  no  longer: 
What  accessory  circumstance,  where  relative  diveiging  strabismus 
ezistsiy  leads  to  the  development  of  the  absolute  variety?  We 
rather  inqidre :  What  is  the  reason  that  not  every  relative  diverging 
strabismus  is  followed  by  the  absolute  fonn? 

In  the  first  place,  I  remark  that  absolute  diverging  strabismus  is, 
as  I  find  more  and  more  every  day,  in  high  degrees  of  myopia  very 
general,  much  more  general  than  is  supposed.  Slight  degrees  pass 
unobserved,  because,  although  the  visual  lines  diverge,  the  corneal 
axes  exhibit  no  particular  divergence,  often  certainly  still  less  than 
in  non-squinting  hypermetropes :  it  is  not  until  the  properly  directed 
eye  is  covered,  that  it  appears  that  the  visual  line  of  the  other  was 
directed  too  much  outwards,  *  But  I  repeat  the  question:  What  is 
the  reason  why  not  every  relative  diverging  strabismus  is  fbUowed 
by  the  absolute  form? 

The  cause  of  this  lies  partly  in  the  maintenance  of  binocular 
vision.  Although,  in  consecpience  of  relative  diverging  strabismus, 
the  attempt  to  obtain  equal  impressions  on  the  two  yellow  spots  and 
ou  further  corresponding  points  is  weakened,  it  is  not  extinguished. 
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This  attempt  alone  sometimes  resjfaiiis  the  deviation.  In  maiij  the 
one  eve  actually  turns  outwards  behind  the  hand,  to  reassunie  a 
proper  direction  wiien  uncovered.  And  where  this  giving  way  does 
not  take  place,  it  is  suificieut  to  hold  a  weak  prismatic  glass,  with 
the  refracting  angle  towards  the  nose^  before  the  eye,  to  satisfy  our- 
adves  of  the  attempt  at  binocolar  viaion :  we  inunediatelj  see  a  con- 
▼eigenoe  aet  in,  oomcting  the  actbn  of  the  priam.  Only  in  the 
highest  degrees  of  myopia,  where  even  no  atronglj-maiked  object 
forms  comparable  images,  ia  the  oonvergence  absent  in  this  experi- 
ment. It  thus  iiho  appears  that  acute  sight  is  not  an  absolute 
condition  for,  if  possible,  maintaining  single  vision. 

Further,  we  seek  the  cause  of  the  absence  of  absolute  strabismus 
in  limited  mobility  of  the  eyes.  Turning  the  great  ellipsoidal  eye- 
ball of  myopes  is  impeded  not  only  inwards,  but  sometimea  also 
outwards.  Tliis  obstruction  may  go  so  far  that,  aa  I  have  above 
remarked^  rebtive  converging  atrabiamua  in  diatant  vision  may  be 
combined  witih  relative  diverging  strahismns  in  near  vision.  Bui 
even  if  it  does  not  attain  tins  degree^  it  really  hinders  an  excessive 
deviation  outwards^  especially  when  it  is  allied  to  the  need  of  bino- 
cular vision. 

Thus  then,  just  as  in  converging  strabismus,  ditlerent  impelling 
and  resisting  forces  contend  with  one  another,  and  it  is  in  fact  dilK- 
cult  to  say  under  what  conditions  the  first  acquire  the  preponderauoe. 
Experience  did  not  at  least  immediately  reveal  them. 

Undoubtedly,  however,  there  come  nnder  observation :  a,  circum- 
stances which  promote  movement  ontwarda;  6,  snch  as  deprive  bino- 
cular vision  of  its  value.  Among  the  first  we  indude  an  Qriginal 
preponderance  of  the  external  recti  musdes,  more  than  ordinary  dis- 
placement of  the  visual  lines,  in  consequence  of  myopia  (extraordi- 
narily slight  or  even  negative  value  of  the  angle  a),  further  a 
favourable  form  for  outward  movement,  and  superficial  position  of  the 
eyeball.  Among  the  latter  may  be  reckoned,  diminished  acuteness 
of  vision  in  the  one  eye,  aud  especially  a  diiference  of  refraction  in 
the  two  eyes.  This  last  occurs  aa  an  influential  factor.  If  the 
difference  of  refraction  is  great,  the  one  eye  highly  myopic,  the  other 
acarcdy  so  or  even  emmetropic,  the  rule  is  perhaps  that  in  distant 
vision  the  myopic  eye  has  deviated  outwarda.  These  cases  fur- 
nish a  peculiar  form  of  strabismus  divergens,  which  certainly  deserves 
to  be  thoroughly  investigated  and  separately  described.  Sometimes, 
especially  at  drst,  the  squint  is  intermittent,  aud  manifests  itself  oidy 
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either  on  fatigue  or  under  certain  states  of  mind ;  in  other  cases  it 
may,  even  when  highly  developed,  be  overcome  by  the  will,  particn- 
larlj  for  near  objects,  for  a  short  interval,  although  not  without 
rapidly  supervening  &tigne,  and  at  all  events  without  essential 
advantage  to  the  sight.   Not  unfrequently,  too,  the  one  eye  is  used 
in  distant,  the  other  in  close  vision.    Usually  each  eye  projects  and 
jnd^  correctly,  while  it  sees  independently,  aiul  notwithstanding  it 
is  declared  that  the  same  object  seen  with  the  one  eye  appears  larj^^er, 
with  the  other  smaller.    More  that  is  remarkable  still  remains  to  be 
mentioned,  and  especially  to  be  investigated,  on  this  subject.  As  to 
its  pathogeny,  with  which  alone  we  are,  properly  speaking,  at  present 
oonoemed,— it  is  easy  to  see  that,  in  the  first  place,  binocular  vision 
in  these  cases  has  not  much  value;  secondly,  that,  particularly  in 
distant  vision,  the  double  images  of  ordinar}^  objects  are  scarcely 
observed,  and  the  patient  thus  easily  abstracts  from  the  impression  of 
the  strongly  myopic  eye ;  thirdly,  that  the  limited  mobility  in  this 
case  affects  onlv  the  one  eve,  and  a  relative  delation  outwards  must 
therefore  meet  with  less  ditTiculty ;  and  finally,  that  so  soon  as  any 
tension  of  the  musculi  recti  intemi  is  required,  in  order  to  prevent 
divergence  of  the  visual  lines,  this  tension  will  therefore  be  absent, 
because  the  weakly  myopic  or  emmetropic  eye  seeing  tolerably 
acutely  at  a  distance,  in  consequence  of  the  accompanying  tenrion 
of  accommodation,  immediately  perceives  less  perfectly. 

It  is  well  known  that  Buffon  (Sur  la  cause  du  strabumt  ou  dea  yeux 
Umehett  in  Memoirea  de  FAeaHmte,  1743,— to  be  found  also  in  BniFon, 
Muioire,  &o.,  Suppl^m.  iv.,  p.  416,  Paris,  1777)  aonght  the  principal  oante 
•  of  squinting  in  a  diifennM  between  the  two  eyes.  That  difforenoe  he  ealls 
mther  indefinitely,  **  one  in^aUti  de  forae  dans  lee  yenx.*'  Evidently  he 
had  in  view  in  hie  definition  a  dilTeienee  in  refraction ;  bat  in  hie  exami- 
nation of  squinters  this  is  sometimes  oonfonnded  with  a  differenee  in  aente- 
IMM  of  vision.  Butlbn  eapeeielly  endeavours  to  show,  that  unequal  impres- 
sions of  the  same  objects  on  corresponding  parts  of  the  retina  are  more  dis- 
turbing: than  those  of  wholly  different  objects.  The  one  eye  would  there- 
fore instinctively  <ieviate  where  there  is  a  great  difference  between  the  eyes. 
In  this  ho  has  had  in  view  chiefly,  I  should  almost  say  exclusively, 
strabismus  convergens  ;  but  at  the  close  of  his  essay  he  speaks  also  of 
some  cases,  "where  one  eye  is  used  in  looking  at  distant,  the  other  at 
near  objects,  while  the  unused  eye  deviates  either  inwards  er  aukparii/' 
Bendes,  Bofibn  thinks  that,  so  far  as  the  regions  of  aooommodation  fbr 
the  two  eyes  eoineide,  even  when  the  honndariee  of  thoee  regiona  diflbr, 
hoth  ^ee  may  reeeive  sharp  imagee  of  the  same  olgeet,  and  that  thus  the 
tension  of  aeeooimodation  in  eaih  eye,  independently  of  the  other,  eaa 
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regulate  itself  according;  to  the  diiteiioe  of  the  dlg«ei.  On  UiisMtOT  agNii 

deal  of  his  demonstration  rests. 

Joh.  Mueller  ( J'ov//.  Physutlmjie,  etc.,  p.  228),  admitting  the  fact,  is  not 
satisfied  with  Bufibn's  explanation.  He  pives  iis  another,  remarkaWt 
chiefly  because  in  it  a  disturbed  connexion  between  convergence  and 
aceommodutiuu  is  as^tuaied.  We  miss  in  Mueller  the  distinction  between 
presbyopia  and  hypermetropia ;  nor  does  he  a«k  whether  strabi&miu  oob- 
TWgwi  or  diTei8«Dt  is  to  be  explained,  and  a  elear  iniight  into  the  eaait 
of  fhe  affMtion  eonld  not  thna  be  aoqnired.  Bnt  we  find  ll&e  expefineBk 
itated  in  whieh,  by  holding  a  eoneave  glan  before  one  of  the  eyei^  atnbis- 
mui  oonTergens  is  exoited,  eo  lOon  aa  tUa  eye  ia  need  fm  aoota  Tiaioiiy— an 
experiment  iriiich  expIaioB  the  exceptional  eaaee  of  itrabismns  uoufw genii 
where  the  ptoperly<4iieeted  eye  ti  hypermetropio,  the  deriating  eye  leas 
hypermetropic,  or  even  emmetropic,  but  originally  amblyopic.  Had  Job. 
Mueller  held  a  negative  glass  before  each  eye,  it  would  not  have  escaped 
him,  that  tlius  also  a  deviation  inwards  is  readily  produced,  and  probably 
his  clear  glance  would  at  once  have  penetrated  the  character  of  hyper- 
metropia and  it«  connexion  with  strabismus. 

Some  (compare  Bohm,  Das  Schielen,  /.  c.  ;  Artl,  Dir  KninkJidten  ties 
AuyeSf  B.  iii.,  pp.  306  et  »eq.,  Prag,  1856)  attach  too  much,  others  (com- 
pare Baete,  LtMueh  d$r  OfikUtdhnologie,  B.  ii,  p.  524)  attach  too  little 
yalne  to  difbronee  between  the  two  eyes,  whether  in  aoateneia  of  Tialon  or 
fefiraetion,  in  xefuenoe  to  the  origin  of  itmbianras.  I  think  I  have  shown 
that  the  diilinenee  mentioned  doee  not  oeeur  aa  the  immediate  eanae  of 
atrabismuB,  bat  that  it  may  be  the  reaaon  why,  with  eertain  deteimintqg 
conditiona,  to  be  aooght  in  the  non<4eviating  eye,  strabismus  is  produoed. 

The  eonnexioo,  too,  between  myopia  of  the  two  eyes,  and  strabismua 
divergens  was  formerly  not  compK  tcly  overlooked.    Joh.  Maelier  (  Ver- 
gleichende  Phiisiologie,  p.  237)  even  describes  a  strahistnuff  mt/optim.  It 
is  known,'*  thus  he  commences  the  explanation  of  the  mode  of  develop- 
ment, '*  that  shortsighted  people  look  at  very  near  objects  only  with 
one  eye,  while  the  other  eye,  which  is  also  nearsighted,  completely  turned 
away  and  directed  to  a  distance,  sees  indistinctly  or  not  at  all.'*    This  is 
the  state  which  we  have  called  relative  diverging  Hrabiamtu,   It  haa  been 
deaoribed  by  Boilbn,  aa  ooenrring  in  hia  own  eyea.  In  hia  own  eaae  he  in- 
trodneee  the  diflfeienee  of  the  imagee  in  the  two  cyea  into  the  explanation ; 
but  in  general  he  flnda  in  the  extraoidinaiy  oonTeigenee  feqnired  by 
myopea,  the  feaaon,  **  that  the  sight  ia  fktigned  and  leae  distinot  than  in 
looking  with  a  single  eye."   Mueller  assigns  the  first  plsoe  to  the  same 
eanee,  bat  in  addition  pointa  to  the  increasing  refraction  produoed  by  the 
ocmTOigenee.    However,  in  explaining  why  the  visual  axis  subsequently 
deviates  permanently  also  more  or  less  from  the  normal  direction,  ho  thinks 
only  of  the  neprloct  of  one  eye  resulting  from  the  deviation,  nor  do  we 
then  read  that  this  deviation  takes  place  positively  ouitcards. — Ruete,  too 
(/.  c,  B.  i.  p.  22r>),  speaks  of  the  connexion  between  myopia  and  stra- 
bismnsi.    "We  saw,  that,  while  in  general  relative  diverging  strabismus  and 
a  U  udency  to  absolute  are  connected  with  high  degrees  of  pn^r^sive  myo- 
pia, the  oouvergcace  in  close  vieion  ia  exceptionally  maintained,  though  at 
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'the  expense  of  parallelism  in  distant  vision.  Now  this  exception,  whereby 
converging  strabismus — relative,  if  we  will — is  combined  with  progressive 
myopia,  was  rccoguisfd  by  Kueto,  not  the  diverging  strabismus,  which  is  the 
rule.  Even  of  tlie  existence  of  r  via  tire  diverging  strabismus  he  could  not 
satisfy  himself,  undoubtedly  because  he  sought  it  in  too  slight  degrees  of 
myopia,  where  it  is  usually  wanting. 

On  the  whole,  little  satisfaction  is  obtained  by  oonfultmg  the  more  recent 
oopioiiB  literatore  on  itnlnimiis,  with  reference  to  its  caneet.  Stmbbiniu 
divergeus,  in  partieiikr,  ii  Tory  imperfeetly  treated  of.  A  diftinotion  of 
the  oaniee,  aoeording  to  the  different  forma,  ia  not  to  he  met  wHh,  and 
where  the  eaiues  of  Btrabismns  in  general  axe  epoken  of*  the  wxiten  haye 
evidently  been  filled  with  the  idea  of  strabismua  oonvergens.   I  have  yet 
only  to  refer  to  the  writings  of  von  Graefe^  with  respect  to  the  insufficiency 
of  the  internal  recti  muscles,  in  the  numerous  modifications  of  which  the 
gradual  transition  to  strabismus  divergens  is  to  be  sought,  and  where  it 
certainly  has  been  sought  for  by  von  Graefe.  "  "Wo  may  in  general " — thus 
we  read  in  his  latest  esKay  (Arrhiv  f.  Ophfh.,  B.  viii.,  Abth.  2) — "  define 
the  insufficiency  as  a  dynamic  (mtintrd  squint,  varying  according  to  the 
distances  of  the  object,  which  is  al  the  time  overcome  by  the  attempt  at 
aingle  vision."   If  we  reflect  that,  even  according  to  von  Oraefe,  this  effort 
mnat  in  myopia  often  give  way,  it  Is  aa  if  we,  nnder  eertain  oonditioni^ 
already  aee  before  ns  the  development  of  aboolnte  diyerging  strabiamna. 

Our  investigations  have  thus  led  us  to  a  striking  reeult,  whioh  may  he 
expressed  in  the  following  antithesis:^ 

H}fptrwutrofia  oomsm  ooeominodMiMasflfrefi^pMi,  to  he  aethe^f  cptrcoaw 

Myupia  i^ads  to  muscular  aaUiettopiUf  passively  yielditig  to  strabitmut 


§  Hygiene.— -Te8atm£NT. — Speotaolbs. — ^Illuskbativb 
Ca8I8.^Hisiobt  ov  MYom. 

The  OQie  of  myo])ia  belongs  to  tbe  jma  vota.  The  more  our  know* 
ledge  of  the  bads  of  this  anomalj  has  been  established,  tbe  more 

certainly  does  any  expectation  in  that  direction  appear  to  be 
destroyed,  even  with  respect  to  the  future.  So  long  as  it  was 
thought  tliat  the  cause  of  myopia  might  be  found  in  increased  con- 
vexity of  the  cornea,  the  endeavour  to  restore  the  latter,  by  pressure^ 
to  its  normal  curvature  (Purkinje*  and  Ruete)  appeared  perhaps  not 
altogety^  to  be  r^ected ;  bat  the  idea,  that  tbe  extended,  attenuated^ 
*  Nwe  BmirSge  x,  Physiohtgie  de§  Sthem  m  mibfteiiver  Mkmeht,  p.  147. 
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atrophic  membimes  in  mjopiay  might  be  brought  back  to  thai 
natiund  condition  is  nmplj  absord.   We  should  not  even  be  aUe  to  , 
approve  of  the  practice  of  those,  who,  in  order  to  compensate  foi 
the  excessive  leDgth  of  the  visnal  axis,  endeavoured  to  bring  the  ^ 

arching  of  the  cornea  below  the  normal.    Systematic  preasnPC  is  in  ^ 
excellent  auxiliary  in  preventing  a  sta])hyl()matous  prominence  of  the 
cornea  in  morbid  solteninff  duriiit^  thu  process  of  recover^'  ;  but, 
leaving  out  of  the  question,  whether  a  healthy  cornea  would  Ije 
affected  by  it,  we  should  remember,  that  no  more  is  to  be  expected 
horn  a  compensating  flattening  than  from  a  negative  g^lass :  the 
peculiar  morbid  process^  on  which  the  mjopia  depends,  and  wbich  in 
high  degrees  threatens  the  destmction  of  the  ej^  would  zenanin 
nnchsnged.  Treatment  is,  alas,  partly  a  matter  of  fashion.   Tlras  dis- 
charging the  aqueous  humonr  from  the  anterior  chamber  of  the  eje^ 
is  now  the  order  of  the  day.  Some  have  even  spoken  of  applvin*?  this 
nicthod  ill  myopia.  If  it  be  intended  thereby  to  make  the  cornea  Hatter, 
the  object  will  not  be  attained  in  this  way,  which  is  the  less  to  he 
regretted,  because,  as  I  have  already  remarked,  the  myope  would  not 
be  benefited  by  it :  besides  the  paracentesis  referred  to  is  not  alwB^ 
itself  equally  harmless.  We  formerly  lived  under  the  mle  of  the  myoUK 
mists.   Bendered  rash  by  ignorance,  some  have  actually  employed 
their  operation  for  the  relief  of  myopia,  and  haTeeven  persuaded  them- 
selves that  they  had  thus  accomplished  a  cure.  The  truth  is,  that  they 
in  general  subjected  not  myopic,  but  rather  hypermetropic,  eyes^  which 
they  mistook  for  myopic,  to  the  operation,  and  that  even  in  these  the 
latter  was  ineffective.  However,  in  another  point  of  view,  where 
myopia  reslly  exists,  tenotomy  may  sometimes  be  applicable.    If  the 
muscles  are,  as  a  result  of  extension,  permanently  too  much  npon 
the  stretch,  and  if  the  bulb  is  consequently  harder,  the  displaoemoit 
backwards  of  the  insertions  by  tenotomy  migbt  diminish  the  pressure, 
and  thus  one  of  the  conditions  for  fbrther  development  might  be 
removed.   Division  of  the  tendon  of  the  rectus  externus,  is,  as  we 
saw  in  the  preceding  section,  not  unfrequently  indicated  for  proniotin£r 
convergence  in  high  degrees  of  myopia,  and  by  that  dinsion  the  bulb 
also  acquires  less  tension ;  now  it  has  been  proposed  to  divide  the 
tendons  of  the  rectus  intemus  and  rectus  externus,  in  order  to 
diminish  the  existing  tension,  and  in  some  cases  this  has  actually 
been  done.   Further  experience  must  decide  as  to  the  value  of  the 
plan. — Lastly,  the  removal  of  the  crystalline  lens  has  also  been 
suggested.   When  in  a  case  of  highly  myopic  structure  of  the  eye, 
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~  ^  lens  affected  with  cataract  has  been  suocearfdlly  extracted,  and  a 
ncarlj  emmetropic  condition  has  been  obtained,  the  operator  bae  been 
mposed  to  the  temptation  of  fiideavouring,  by  the  abstraction  of  a 
'  "normal  lens,  to  remove  the  myopia.    A  patient,  who  was  an  amateur 
in  dioptrics,  endeavoured  to  induce  me  to  perform  this  op(^ration  ! 

But  I  need  not  say,  that  such  a  momentous  uudertaking,  doubly 
<laDgerous  where  a  myopic  eye  and  a  transparent  lens  are  concerned, 
without  that,  even  in  the  most  fiwourable  case,  any  real  advantage  is  to 
be  expected,  would  exhibit  culpable  rashness.  Not  only  would  the 
staphyloma  posticom  continue  eqnallj  threatening,  but  we  should 
also  haye  sacrificed  the  accommodation — an  advantage  which  that  of 
somewhat  larger  images  than  would  be  obtainable  by  neutralising 
glasses,  could  by  no  means  counterbalance. 

From  the  above  it  follows,  tliat  the  ideii  of  curing  high  degrees  of 
myopia  with  developed  {staphyloma  posticum  must  be  abandoned. 
The  question  is,  whether  slight  degrees  can  really  be  cured.  That^ 
through  senile  metamorphosis  at  an  advanced  period  of  life,  thej  may 
give  way,  we  have  already  seen.  .  In  young  persons,  on  the  oontniy, 
I  have  never  established  the  fiict  of  any  diminution  of  the  myopia. 
"Where  the  latter  appeared,  on  superficial  observation,  to  have  ta^en 
place,  spasm  of  accommodation  had  been  in  operation.  It  has,  how* 
ever,  often  been  asserted  that  slight  degrees  of  niyojjia  liave  yielded 
to  the  employment  X)f  suitable  measures.  Some  years  ago  Berthold* 
proposed  the  use  of  a  certain  desk,  called  myojmitorthotiron  {!)  by 
which  the  myope  was  compelled  to  remain  at  a  great  distance  from 
what  he  was  reading,  while  this  distance  was  systematically  increased. 
Burowt,  however,  shows  clearly,  that  no  diminution  of  the  myopia 
is  to  be  expected  from  this  plan,  as  the  accommodation  for  the 
farthest  point  is  only  a  passive,  and  not  an  active  operation,  and  he 
aapplies  the  proof  from  the  experience  of  his  own  eyes.  Berthold's 
desk  was  also  tried  in  vain  at  Koningsberg ;  and  according  to  von 
Hasner  the  attempt  at  Prague  was  attended  with  no  better  result.  How- 
ever, the  last-named  writer  expressly  states,  that  niyo])ia  depending 
upon  slight  degrees  of  stapliyloma  sclerotica?,  may,  particularly  in  the 
commencement,  be  again  diminished  by  restraining  the  eye  from 
looking  at  near  objects.  Ilespect  for  Uasner's  accuracy  cannot  pre- 
vent me  from  doubting  the  correctness  of  this  assertion,  I  have, 
ftnder  all  eifeumiianees,  fonnd  steady  increase  of  M  in  young  indi- 

•  Das  MyopodiorthotiooD,  1840. 
f  L  c.  p.  49. 
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vidcuds ;  its  diminution  I  have  never  obsenred.   Many  cmmem  qaoled 
heie  and  there  lose  aUyilae  as  proo&»  because  it  does  noi  appesir  tbal 
the  fittihesi  pomt  of  distinct  Tisioiiy  on  wbidi  our  judgment  in  tldi 
instance  depoids,  was  determined  with  the  requisite  aocnracj.  Svcn 
in  presence  of  the  case  quoted  by  von  Hasner^  where  the  m  jopia  is 
said  to  have  given  way  after  typhus,  I  cannot  abandon  my  scep- 
ticism.   Iliul  spiism,  perhaps,  previously  existetl,  which  was  now 
removed  ?    Had  myosis  followed,  which  now  made  reading-  at  a 
greater  distance  possible? — However  this  ma/  be,  we  maj  safelj 
doubt  the  diminution  of  the  8ta])hyloma  posticnm,  and  reqniie  con- 
vincing observations  from  those  who  asstft  the  contrary. 

The  task  of  the  ocniiat  in  mycfia  leaolves  itadf  into  the  foOow- 
ing:— 

1.  To  prevent  the  fMher  devdopmenfc  of  the  myopia^  and  the 

occurrence  of  secondary  disturbances. 

2.  By  means  of  suitable  glasses  to  render  the  use  of  the  myopic 
eye  easier  and  safer. 

3.  To  remove  the  asthenopia  muscuhuis  by  the  use  o^  glasses  or 
by  tenotomy. 

4.  To  combat  the  seoondaiy  distorhanoes  of  the  M. 

I.  In  the  exposition  abeady  gi?en  lies,  I  i^bisk,  the  pioof,  that 
where  predisposition  exists,  continned  aooomraodation  far  near  objects 

promotes  the  development  of  staphyloma  posticura.    Where  this 
predisposition  occurs  we  must  be  aware  of  it  even  from  youth.  We 
have  remarked  that  accommodation,  as  such,  is  not  in  this  case  in 
operation,  for  in  it  only  the  form  of  the  crystalline  lens  is  changed, 
and  in  M  the  latter  has  undergone  no  change.    In  a  mediate  way, 
therefore,  through  accessory  drenmstances,  it  must  be^  that  accommo- 
dation for  near  objects  promotes  staphyloma  posticmn.   Of  such  dr- 
cnmstanoes  two  espeeially  eome  nnder  observation :  Hnmp 
and  a  stooping  jmiHtm,   As  to  the  first,  in  order  to  see  sootdy, 
myopes  must  bring  the  object  within  the  region  of  accommodation, 
and  where  M  is  somewhat  advanced,  binocular  vision  under  these 
circumstances  requires  a  strong  convergence.     Children  and  young 
myopes,  with  great  power  of  accommodation,  are  even  accustomed, 
particularly  in  bad  light,  to  bring  the  objects  much  nearer  to  the  eyes 
than  the  degree  of  the  myopia,  properly  speaking,  requires.  Iliis 
strong  oonvergenoe  increases  the  tension  of  the  eyeball  by  pressurp 
of  the  mnsdes,  perhaps  also  by  pressure  against  the  suiroimding 


Digitized  by  Googl 


EVILS  OF  A  STOOPING  POSITION. 


419 


ues,  and  increased  pressure  promotes  the  staphjlomatous  disten- 
1.  Especially  when  commencing  iiisuiiiciency  of  the  mm.  recti 
^rni  renders  the  convergence  difficult,  the  latter  is  combined  with 
:at  tension  of  the  eyeball.  Now  stroog  convergence  may  be 
)ided  in  yarions  ways.  In  the  first  place  we  cause  the  patient  to 
»k  much  at  a  diatanoe.  Bot  we  cannot  absolutely  forbid  lookii^ 
near  objects^  and  we  therefore  ghre  apectacles  which  biiog  the 
ihest  point,  r,  to  a  snffident  distance ;  for  example,  to  from  16  to 
»  inches.  At  the  same  time  the  patient  is  to  be  strongly  recom- 
ended  not  to  look  at  a  shorter  distance  than  16"  or  14",  to  which 
»aiig  people  have  the  greatest  tendency ;  a  ruler  of  this  length  may 
rye  as  a  uieasoie  to  parents  and  masters  as  well  aa  to  the  myope 
iooaelf •  Moieo?er,  it  is  deaiiable  that  often  (for  example^  owy  half- 
our)  work  should  be  disoontmned  for  a  couple  of  mimitea.— Ia  very 
igh  degrees  of  M,  only  one  eye  is  usually  employed  in  vision,  and 
lus  convergence  is  excluded.  This  appears  to  me  to  be  often  a  de- 
irable  condition  :  in  strong  M  binocular  vision  loses  its  value,  and  the 
ension  which  would  be  required  for  it  cannot  be  otherwise  than  inju-  . 
ions.  Now,  in  such  casea^  for  reading  no  spectacles  are  given ;  in 
he  first  place^  because  the  acuteness  of  vision  has  usually  somewhat 
lecreased,  and  the  diminutiafi  of  ooncaTe  glasses  is  now  tnmhlesome ; 
XL  the  seoond  pbce;,  Because  with  the  vetiooesskm  of  f  injurious  efforts 
At  convergence  and  at  binocular  yisioii  might  be  excited.  In  any 
case  the  spectacles  should  be  so  weak  as  to  avoid  these  results. 

A  stooping  position  was  also  mentioned  as  a  promoting  cause  of 
M.   This  position  of  necessity  leads  to  accumulation  of  blood  in  the 
eye :  under  the  iufluenoe  of  gravitation^  the  afRux  of  blood  takes  plaoe^ 
in  fact,  under  higher  pressure,  and  until  the  efflux,  too,  moie  prossure 
remains  in  the  veins;  and  with  the  augmeoted  pressure  of  blood  the 
tension  of  the  fluids  in  the  eye  increases.  The  symptoms  of  initatkm 
connected  with  hypenemia,  which  in  young  people  usually  accom- 
pany progressive  myopia  are,  I  think,  for  the  most  part  also  to  be 
ascribed  to  the  cause  just  mentioned.    Even  in  non-myopes  an  tin- 
pleasant  feeling  of  pressure  in  the  eyes  speedily  occurs  when  the  face 
ii  hdd  horisontally.  Now  the  increased  tension  of  the  fluids  certainly 
pnmiole^  as  such,  the  development  of  staphyloma.   But  in  yet  an^ 
other  way  the  accumulation  of  blood  is  still  more  injurious,  namdy, 
hv  promoting,  perhaps  even  by  exciting,  the  inflammatory  affections 
under  whose  influence  the  staphyloma  is  so  rapidly  developed.  In 

the  hygiene  of  myopia,  therefore,  the  very  first  poijit  is  to  guard 
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•gUDtt  working  in  a  stoo|Hiig  poation.   While  most  work  takes 
l^aoe  in  a  hoiisontal  pLan^  mjopeB  ue  onlj  too  madi  indioed  to 
it    Sodi  a  habit  is  moallj  opposed  on  the  anppontioii  that 
the  thoiadc  oigans  suffer  from  it   Without  denying  this^  I  tfaiiik, 
however,  that  it  must  be  forbidden  chiefly  for  the  sake  of  the 
eyes.    In  general  everkthing  will  be  useful  for  this  purpose  whiA 
wiis  recommended  for  the  avoidance  of  strong  convoriieiice :  to  krep 
objects  removed  as  far  as  the  degree  of  myopia  permits;  to  intermit 
work  frequently;  by  suitable  glasses  to  bring  r  to  a  sufficient  dis- 
tance.   But  we  may  also  add  :  to  read  with  the  book  in  the  hand, 
and  in  writing  to  nae  a  high  and  sloping  desk.   To  this  last  I 
attach  much  importanoe.   BectUinear  dmwing  on  a  hoiizontal  aor- 
&oe  is  decidedly  very  injiiriooa  to  myopes.   Again^  with  lespect  to 
the  thoracie  organs,  many  think  that  in  writing  a  standing  position  is 
to  be  recommended.    For  that  I  see  no  particular  reason.    It  is 
sufficient  that  the  height  of  the  desk  suit  the  height  of  the  head,  and 
that  the  inclination  be  as  great  as  circumstances  permit:  in  writing 
tlie  limits  are  when  the  ink  no  longer  flows  from  the  pen,  but  even 
then  a  pencil  may  be  used. — Farther,  those  who  are  highly  myopic 
must  be  earnestly  dissuaded  from  everyUiing  which  gives  rise  to  in- 
creased action  of  the  heart,  and  to  tendency  of  blood  to  the  head, 
with  a  view  both  to  limit  the  progress  of  the  myopia,  and  to  prevent 
the  oocorrenoe  of  secondary  aiSections. 

II.  The  prescribing  of  spectacles  for  myopes  is  a  mailer  of  great 
importance.  While  emmetropic  and  hypermetropic  eye^  do  not 
readily  experience  any  injury  from  the  use  of  unsuitable  glasses,  this 
may  in  myopes,  particularly  on  account  of  the  morbidly  distended 
oonditum  of  the  eyeball,  and  of  the  tendency  to  get  worse,  be  very 
dangerooa. 

There  ezirts  in  genersl  a  dread  of  the  use  of  too  stroi^  {passes. 
It  is  hud  down  as  a  role:  rather  too  weak,  or  no  glasses,  than  too 
strong.   In  this  rale  the  necessary  distinction  is  lost  sight  of.  Too 

strong  glasses  make  hypennetropic  eyes  myopic,  and  myopic  eyes 
hypermetropic.  The  rule,  therefore,  cannot  be  equally  true  for  both. 
In  fact,  it  is  in  general  much  less  injurious  to  produce  a  certain 
degree  of  myopia  than  of  hypermetropia,  in  which  last  particularly 
much  is  required  of  the  accommodative  power.  The  rale  would 
therefore  be  more  correctly  stated  thus :  in  hypermetropia  we  most 
beware  of  giving  too  weak,  in  myopia  of  giving  too  strong,  passes;  a 
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mle  the  seoond  part  of  which  we  should  enpedally  insbt  upon.  But 
Giren  hj  this  little  is  gained.    Not  using  glasses,  or  uamg  too  weak 

glasses,  may  also  be  injurious  to  myopes.  All  the  circumstances  must 
"therefore  be  studied,  which  can  exercise  an  influence  on  the  choice 
of  glasses.  It  is  difficult  to  reduce  these  to  delinite  rules.  But  to 
»ttenipt  to  do  so  is  our  task. 

On  a  superficial  view,  we  should  suppose  that  we  have  only  com- 
pletely to  neutiaUae  each  degree  of  myopia,  in  order  to  obtain  all 
the  advantages  connected  with  the  emmetropic  eye.  The  case  is, 
however,  qnite  different  If  in  neutralised  myopia  the  eye  is  equal 
in  its  ftfthest  point  to  the  emmetropic,  with  respect  to  the  relative 
limits  of  accommodation  for  each  convergence  there  is  a  great 
difference,  and  in  acutciiess  of  vision,  too,  it  usually  fails.  These 
differences  alone  would  in  themselves  l)e  sufficient  very  much  to 
limit  the  indication  for  perfect  neutralisation,  and  we  shall  become 
acquainted  with  other  circumstauces  still,  which  positively  forbid  it. 
The  indication  exists  only : 

1**.  When  the  glauu  aire  wed  exclusively  far  distant  vision,  for 
example,  in  a  double  eye-glass,  which  is  oidy  at  intervals  held  be- 
fore tiie  eyes.  Evidently,  in  looking  to  a  great  distance  with  such  a 
glass  the  accommodation  is  in  a  state  of  rest,  and  its  nse  can  there- 
fore never  cause  any  injury.  But  so  soon  as  the  same  glasses  are 
used  for  shorter  distances  in  looking  at  drawings,  plates,  kc,  the 
exceptions,  of  which  I  shall  hereafter  speak,  come  under  observation. 

2°.  JFAen  the  myopia  is  ulight  in  reference  to  the  ramjc  of  nrrom' 
modaUon,  and  the  eye  is  otkerwise  healthy.  In  this  case,  neutralis- 
ing glasses  may  he  worn  as  spectacles,  and  may  be  used  even  in 
reading  and  writing.  I  think  it  is  even  desirable  that  this  should 
be  done.  When  persons  with  moderate  degrees  of  myofua  have  in 
youth  accnstomed  themselves  to  the  nse  of  neutralising  spectacles, 
the  eyes  are  in  all  respects  similar  to  emmetropic  eyes,  and  the 
myopia  is,  under  such  circumstances,  remarkably  little  progressive. 
I  am  acquainted  with  numerous  examples  of  this  even  among  those 
of  my  frieuds,  who  have  passed  their  Uves  m  study.    Glasses  of 

—      adopted  at  seventeen  years  of  age,  are  often  still  sufficient  at 

forty-five  years,  both  for  seeing  acutely  at  a  distance  and  for  ordinaiy 
close  work.  Not  untH  the  age  at  which  emmetropes  need  convex  spec- 
tacles^ and  often  even  some  years  kter,  do  the  neutralising  spectacles 
become  rather  too  strong  for  dose  work,  and  it  is  desirable  to  procmg 
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somewhat  weaker  onen^  wiiicb,  with  the  narrower  pupil  peculiar  to 
that  tame  ol  life^  are  now  nearij  sufficient  for  distance  Jaow  Ai  aatill 
move  advanood  age,  aoeording  to  the  degree  of  the  myc^ay  anffi- 
adently  c<»xectiiig  apeetadea  maj  be  worn,  and  laid  aaide  for  work. — 
Im  order  to  obtain  idl  the  advantages  of  ooncaTe  glaeaoo^  the  myope 
must  begin  early  with  them.  If  the  myopia  amounts  only  to  a 
fourth  or  ii  third  of  the  range  of  accommodation,  we  may  iinineth- 
atcly  wholly  neutralise  it.  If  it  amounts  to  more,  we  must  usually 
begin  with  weaker  glasses,  and  replace  the  latter  at  the  end 
of  six  months  with  strong^.  If  we  have^  without  the  necessaiy 
transitions,  given  too  strong  spectacles,  this  may  be  immediately 
evident  from  too  great  a  distance  of  the  binoco]ar  neareat  point,  \ 
but  in  any  ease  it  will  be  manifested  by  the  occurrence  of  hiigat 
(asthenopia)  in  doee  work.  In  this  nqiect  great  individual  dife- 
enoea  exists  chiefly  dependent  on  the  position  of  the  relative  range 
of  accommodation.  If  this  be  unfavourable,  we  must  more  s^lowW 
increase  the  strength  of  the  glasses.  The  eflect  of  weiiiiug  ghisses 
is,  in  fact,  that  the  relative  range  of  accommodation  is  displaced, 
becoming  gradually  the  same  as  the  ])ositioa  proper  to  emme- 
tropic eyes,  and  therefore  the  binocular  farthest  point  appioacfaes 
the  eye,  while  the  absolute  farthest  point  r  by  no  meana  does 
ao. — The  myopia  thna  neotndiaed  is  leai  progiesave,  became 
both  too  strong  oonvergenoe  and  a  stooping  position  aie  avokfed. 
But  if  the  tendem^  to  these  ia  so  great  that  they  still  ooeor 
in  neutralised  myopia,  the  use  of  glasses  is  dangerous,  and  must 
be  discontiimeil,  so  soon  as  it  ap})ears  that  the  myopia  is  par- 
ticularly  progressive.  In  this  case  it  is  necessary  for  a  time  to 
forbid  all  close  work. — Besides,  if  in  the  cases  mentioned  the  use  of 
concave  glasses  is  desirable,  it  is  not  so  necessary  that  we  should 
always  be  oompelled  to  adopt  them.  Women  particokrly  have  a 
light  to  be  allowed  some  liberty  in  the  matter. 

Jfofl^  ekeumttaneu  /ariid  ike  eompiete  neuiraUioUan  of  the  , 
myopia*   They  are  connected  with:  I 

a.  The  degree  of  ike  miopia. — In  very  slight  degrees,  from  ~  to 

we  may  leave  the  myope  to  himself;  in  higher  degieea  the 

neutralisation,  as  I  explained  under  2%  is  desirable.    In  the  highest 

1  .    .  ' 

degrees,  from  ^  upwards,  perfect  neotialiaation  ia  not  pleasant  for 
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olose  wofk,  beoBOse^  with  regard  to  the  Tunal  dimimitioii  of  the  acnte- 
11698  of  vision,  the  images  become  too  small.  We  should  then  rather 
l)nng  r  to  1;^  or  16  iuchesi^  and  let  the  patient  wear  these  spectacles, 

^th  which  a  lorgnette  with  glasses  of  —         j^,  respectivdj,  is 

also  given,  which  may  for  distant  vision  be  held  before  the  spectacles. 
The  idea  that  there  is  anything  injorions  in  this  combiDalion  is  an  uu- 
Aniiided  prejudice.  We  may  also,  with  weaker  spectacles  for  woik- 
fog,  gire  stronger  to  be  worn  i  but  completely  neotralising  ghisses 
are  not  pleasant  for  a  constancy,  because  the  myopia  is  osoally  less 
in  indirect  than  in  direct  vision.  If  in  general  too  strong  glasses  are 
to  be  carefully  avoided  in  myopia,  the  danger  to  be  apprehended 
from  their  use  is  greater  the  higher  the  degree  of  the  myopia  is. 

6.  The  range  of  accommodation, — It'  the  range  of  accommodation 
be,  as  is  usually  the  case,  proportionate  to  the  time  of  life,  the  proper 
mode  of  procedUng  is  included  in  what  has  been  said  under  In 
saying  this,  however,  we  take  for  granted  that  neariy  neutvaliamg 
glasses  have  been  used  from  youth.  If  this  has  not  been  the  case, 
the  peculiar  position  of  tlie  idative  range  of  aceommodation  is  at- 
tended with  difficoitiet.  Moderate  degrees  of  myopia,  for  example  of 

we  can  no  longer  completely  neutralise  at  thirty-five  years  of 

age.  So  long  as  only  distant  objects  arc  viewed  with  neutrabsing 
spectacles,  all  is  tolerably  well;  but  even  in  spealving  with  people 
we  hear  complaints  of  the  tension  required  in  order  to  see  the  eyes 
and  &ce  acutely,  and  work  is,  on  the  whole,  not  to  be  maintained 
with  them.  We  should  then  confine  ourselves  to  glasses,  whidi 
bring  r  to  about  24',  giving,  if  necessary,  stall  weaker  ones  for 
working,  and  at  the  end  of  six  months  or  more,  we  should  examine 
whether  we  can  increase  a  little,  without  causing  asthenopia. — Of 
the  optical  aids  in  actual  disturbances  of  accommodation,  I  shall 
treat  in  speaking  of  the  anomalies  of  accommodation. 

c,  Acuteness  ofvUion. — This  has  a  great  inllueuce  in  the  choice 
of  glasses.  We  know  that  in  the  highest  degrees,  the  acuteness  of 
▼imon  is  usually  diminished,  and  therefore  we  must  be  very  careful. 

•  To  bring  r,  instead  of  to  oo,  to  »  inches,  we  give  glasaes  which  are 
weaker  than  thota  Mqaired  lor  sompbte  neutralisatioii  of  tha  myopia. 

If  strong  glasses  are  in  question,  the  distance  from  the  eye  is  also  to  be 
luken  into  accouct  in  the  calculation. 
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Von  Ghraefe  has  forcibly  innstod  on  the  great  danger  of  giving  strong 
glasses  for  near  objects,  where  the  acuteness  of  \ision  is  diminisheil. 
The  objects,  especially  letters  in  reading,  then  apjn-ar  smaller,  and 
from  the  need  of  seeing  them  under  a  greater  visual  anirle,  such 
shortsighted  ambiyopes^  in  order  to  be  able  to  bring  them  nearer, 
put  their  accommodative  power  with  all  their  m^ht  upon  the  stretchy 
and  both  thus,  and  by  the  accompanying  oonTergeiioe»  promote  the 
eiisting  staphyloma.   Bui,  on  tiie  other  hand,  widioDt  ^aaee^  the 
oonvergenoe  is  slill  stronger,  and  the  tendency  to  the  bent  positioo 
is  stfll  greater.   We  thus  find  ourselves  in  a  sad  dilemma,  which  k 
to  be  avoided  only  by,  in  great  part,  lurbidding  dose  work.  The 
most  favourable  circumstance  is  when  in  near  vision  convergence  does 
not  take  place,  and  thus  only  one  eve  is  used.    Less  irjjury  is  then  to 
be  expected  from  reading  without  spectacles,  with  the  book  in  the  hand, 
but  writing  most  be  avoided.  In  the  same  cases  we  may  permit  older 
persons  to  wear  partially  neutralising  spectacles,  and  with  these 
apectadesy  aided  by  a  reading-g^asfl^  oocasbnally  to  peruse  some- 
thing, which  may  in  this  way  be  done  at  a  gresler  distance  (com- 
pare pp.  229  ei  teq,).  Smee  advises  that  lus  amplifier  should,  under 
these  circumstances,  be  used.    In  any  case  we  should  insist  upon 
moderation  in  reading,  and  on  the  selection  of  large  print,  ahhougli  i 
the  latter  is  also  attended  with  particular  difficulties. — For  the  piir-  | 
pose  of  distinguishing  pretty  well  at  a  distance  in  the  highest  degrees 
of  myopia  with  dimimshed  acuteness  of  vision,  there  is  no  other 
means  than  the  use  of  a  double  eye-glass,  or  of  the  very  portable 
glass-oonus  of  Steinheil*  for  a  single  eye.   In  such  cases^  a  wholly 
neatraUsing  concave  glass  makes  the  distant  images  appear  so  smaU, 
and  the  objects  so  remote,  that  vision  is  by  no  means  satisfoctoiy. 
Imperfectly  neutralising  glasses  in  a  stenopteic  frame,  which  limits 
the  remaining  circles  of  diHusion,  answer  still  better. 

d.  Age. — The  inllucnce  of  age  is,  for  the  most  part,  comprised  in 
the  diminution  of  the  range  of  accommodation,  and  of  the  acuteness 
of  vision.  At  a  very  advanced  time  of  life,  we  need  attend  less 
to  the  future  than  to  the  present.  We  may  therefore,  in  order 
with  diminished  acuteness  of  vision  to  make  reading  still  possible, 

*  A  simple  solid  conus  of  glass,  about  one  inch  long,  the  base  coavei,the 
opposite  surfaos  ooneave,  with  a  smaller  rsdiiis  than  the  sonvez.  It  leti  as 
a  Qalilean  teleaeope :  parallel  rays,  refiraoted  on  the  convex  saifaoe,  are 
oonverging  in  the  glass,  and,  refracted  again  on  the  ooncave  snrface,  obttia  j 
a  diverging  dureetioo,  and  can  also  unite  on  the  retina  of  a  conwpoiidmg  I 
myopic  eye.  The  magnifying  power  increases  for  the  glass-^oni,  required 
in  high  degrees  of  myopia,  fiuoh  ooni  are  to  be  had  of  Steinhcil*  Miinieh. 
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in  tlie  slighter  degrees  of  myopia,  even  with  convex  glasses,  bring  r  ' 
to  6",  5',  and  even  closer  to  the  eye.    We  should  give  only  such  u 
form  of  glasses  as  the  patient  can  easily  sec  over.    Old  people  seldom 
luiow  how  to  derive  much  benefit  from  glasses  a  douhlf  foi/er. 

e.  The  nature  of  ifie  work,  and  the  distance  at  which  it  is  to  be 
jatrformed. — He  who  in  youth  neutralises  his  myopia,  can,  if  his 
sight  be  otherwise  good,  also,  later  in  life,  perform  ordinary  work  at 
uj  distance  required.  He  who,  on  the  contrary,  either  could  not 
<Mr  woold  not  wear  spectacles,  retains  the  relative  range  of  accommo- 
dation peculiar  to  myopes,  and  now,  when  for  any  particnlar  object 
▼ision  is  required  at  a  somewhat  great  er  distance,  he  cannot  use  com- 
pletely neutralising  spectacles.  The  rule  is  with  the  glasses,  therefore, 
to  ))ring  the  farthest  point  precisely  to  the  distance  at  which  acute 
vision  is  needed.  The  necessity  for  this  is  felt  most  in  ladies,  for 
the  reading  of  musics  when  r  must  be  brought  to  firom  18''  to  24'. 
Meanwhile,  they  can,  for  distant  vision,  use  a  neutralising  eyeglass. 
It  is  also  in  general  desirable  in  writing  (in  reading  it  is  less  neces- 
sary), in  order  to  prevent  a  stooping  position  and  strong  conver- 
gence, to  bring  r  to  from  14'  to  16',  sometimes  even  to  18'^  to  make 
leilger-work  possible.  Lastly,  in  order  to  see  the  writing  in  lectures, 
especially  in  the  pulpit,  the  farthest  ])oint  must  be  brought  [)recisely 
to  the  requisite  distance.  Particular  attention  is  necessary — even 
though  spectacles  were  always  worn — in  the  case  of  elderly  pcoj)le, 
wbo  have  lost  their  power  of  accommodation,  and  have  not  peifect 
aocnracy  of  vision, — in  general  in  those  whose  myopia  cannot  be 
neutralised.  More  especially  where  there  is  diminished  acuttfness  of 
vision  we  meet  with  difficulties,  which  by  diminishing  the  distance  as 
much  as  possible,  and  giving  proportionately  wei^er  glasses,  we 
cannot  alwavs  overcome.  Persons  so  circumstanced  are  not  satisfied. 
They  read  the  smallest  writing  at  3'  or  4'  distance,  and  are  surprised 
that  they  cannot  with  spectacles  see  much  larger  writing  at  18*. 
They  do  not  consitler  that  the  distance  is  from  four  to  six  times 
greater,  and  that  by  the  concave  glasses  the  imagers  are  still  further 
diminished.  Consequently  there  is  nothing  to  be  done,  but  to  write 
.  particularly  large. 

We  have,  in  a  separate  section^  treated  of  the  vision  of  myopes. 

We  have  also  examined  the  direct  influence  of  glasses  on  observation, 

and  on  the  estimation  of  what  is  observed  (pp.  113  et  *evy.),  and  wc  need 
the  less  to  return  to  the  subject,  because  many  points  bearing  upon 
it  came  again  under  our  notice  in  speaking  of  the  indications  and 
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coatra-indications  of  coucave  glasses.  A3  to  the  indirect  inriiMtiflg 
(the  result  of  longer  oae),  we  became  acquainted  with  the  ch^iaee- 
Blent  of  the  relative  nnge  of  aocommodaftioi^  and  the  appnona- 
tion  of  the  binocular  neareal  point.  We  nuj  still  add  tiint  tlw  at  im 
inoomct  estimation  of  magnitude,  distanoe,  and  fcKm^  is  toknU? 
quickly  loet.  It  is  remarkable  how  myopes,  when  using  spectacles^ 
inuncJiately  begin,  unconsciously,  to  write  larger  than  before,  and 
how,  after  some  time,  they  involuntarily  resume  their  smaller  hand- 
writiugy  unless  with  considerable  energy  thej  resist  the  tendency  to 
do  so.  Another  result  of  wearing  spectacles  is^  that  by  being  aoev- 
tomed  to  look  nearly  through  the  axes  of  the  gkases,  the  tyo 
gradually  limit  their  movements.  After  the  lemoTal  of  tlie  apse- 
taolesy  too,  this  limitation  continnesy  and  the  movements  of  As 
hcati  especially  ])rovidc  for  the  uecei^siiy  ju:?t  mentioned,  givil^ 
a  peculiar  bearing  to  uiyopcs  who  are  accustomed  to  wear  gl^-w^ 

III. — AVe  have  already  seen  that  in  high  degrees  of  myopia  the 
intenul  recti  muscles  are  often  insufficient,  and  that  this  insnfficaeBcy 
may  be  developed  through  diffierait  degrees  to  relative^  mad  crcn 
to  absolute  diverging  strabismus      SI).    The  insniBcaen^  felt 

makes  itself  known  by  asthenopia  muscularis  in  binocular  vision  for 
near  objccl^.    JSometimes  we  find  (at  least  temporarily)  the  proper 
remedy  lor  lias  state  of  things  in  concave  glasses,  which  bring  ft 
to  from  in"  to  14%  and  we  may  try  these,  if  there  is  no  contraindi* 
cation  for  other  reasons  against  them.    In  using  them  we  may,  if  it 
se^ns  neoessaiy,  somewhat  diminish  the  mutual  distance  of  the 
glasses,  by  which  less  is  required  of  the  internal  musdea  (G<»Dpare 
p.  167).    In  other  cases  the  use  of  spectacles  may  itself  give  rise  ii) 
jisthenopia  muscularis.    Thus,  in  very  high  degrees  of  myopia  rela- 
tive diverging  strabismus  is  a  very  common  occurrence:  for  the  short 
distance,  at  which  vision  is  distinct,  the  convergence  is,  in  fact,  in- 
sufficient, and  therefore  only  one  eye  is  used,  while  the  other  deviates 
outwards.  When,  in  such  cases,  r  is  by  concave  {passes  hiought  to  a 
greater  distance,  the  effort  at  hinocular  vision  sometimes  returns ;  and 
the  musculi  recti  intemi  are  then  obliged  to  exert  themselves  so  power- 
fully, that  asthenopia  muscularis  is  unavoitlable.    Now  this  iii  not 
only  troublesome  and  fatiguing,  but  it  is  also  injurious,  as  it  atfects 
the  further  development  of  the  myopia.    If  the  one  eye,  so  soon  as 
it  is  covered,  perceptibly  deviates  outwards,  and  on  removing  the 
hand  again  turns  inwards,  in  order  to  resume  its  former  directioD. 
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we  may  expect  Hie  oocnmnoe  of  asthenopia  museiilarie.   It  is  often 
diffl-cult  enough  to  decide  what  is  to  be  done  in  such  cases.  For 
tlie  rules  appHcable  to  insufficiency  of  the  iutemal  muscles  in  noii- 
myopes,  by  no  means  ho  hi  good  in  the  asthenopia  muscularis  of 
mjropic  individuals.    In  the  former  the  condition  referred  to  is,  in 
tbe  first  place,  free  from  danger,  and  it  is  even  allowable  to  try  bj 
systematic  practice  with  prismatic  glasses  to  excite  the  energy  of  the 
mteroal  muscles.  In  myopia^  on  the  contrary,  cure  of  the  insufficiency 
the  internal  recti  muscles  is  not  to  be  thought  of.    Once  begun, 
tl\e  insufficiency  develops  itself  more  and  mure,  in  double  proportion, 
when,  as  is  ui^ual,  the  myopia  is  })n)gressive.  Often  no  other  result  is 
posaible,  than  the  exclusion  of  the  one  eye,  with  di\'erging  strabismus. 
In  the  worst  cases  the  mobility  is  even  so  limited,  that  it  is  insuffi- 
cient  both  inwardly  and  outwardly.   Both  these  conditions  have 
been  distinctly  enough  put  forward  in  the  preceding  paragraph. 
Seeing  the  danger  connected  with  strong  action  of  the  mnscnli  recti 
iiitemi,  and  the  prospect  of  not  being  able  to  prevent  the  progress  of 
the  insuffieiencv,  I  have  often  aslced  nivself,  w]i(>ther  we  must  not 
simply  submit  to  the  tendency  to  outward  deviation,  which  removes 
the  asthenopia  muscularis  by  the  intervention  of  relative  strabismus 
diveigras.   Yon  Graefe*  is  of  opinion  that  we  should  decide  upon 
this  sacrifice  only  in  excessive  myopia,  in  order  to  avoid  asthenopia. 
A  middle  course  may,  however,  aiso  be  adopted:  we  may  allow 
reading  without  glasses,  that  is  with  the  exclusion  of  one  eye ;  but 
for  writing  and  other  work,  which,  to  prevent  a  stooping  position, 
must  l>e  performed  at  a  somewhat  greater  distance,  we  should  give 
prismatic-concave  glasses.    The  concavity  of  these  should  be  sndi 
as  to  bring  the  farthest  point  to  from  12"  to  16%  and  the  angle  o^ 
the  prism  should  be  so  great  that  in  looking  to  a  distance  of  from 
12'  to  16',  covering  one  eye  should  no  longer  be  followed  by  any 
outward  movement.    Yon  Graefe  is  a  great  advocate  of  this  com- 
bination, which,  if  it  is  arranged  with  strict  care  for  individual  cases, 
really  renders  binocular  vision,  without  asthenopia,  possible.    If  we 
are  particuhirly  successful  we  may  allow  these  glasses  to  be  used  also 
in  reading;  if  the  difficulties  are  not  altogether  removed,  their  use 
must  be  limited  to  writing,  but  even  in  this  moderation  must  be  ob- 
served ;  and  if,  afler  repeated  efforts,  the  patient  eontinues  to  com- 
plain, we  should  not  hesitate  to  sacrifice  the  one  eye. 
"  The  proper  principal  remedy,"  says  von  Graefe,  "  is  above  aU 

*  Arehiojur  Op/Uhaitnoiojfie,  B.  viiL  Abth.  2,  p.  314. 
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tenotomy  of  the  inuscultis  rectus  externus."    Even  where  myopia 
is  the  cause  of  the  airection  it  iiiav  sometimes  vield  excellent  re^-ult*^. 
Li  such  cases  it  is,  however,  comparatively  rarely  adopted,  so  long 
as  there  is  merely  simple  insufficiency  of  the  recti  muscles^  with- 
out strabismus  divergens.   The  cause  of  this  ia  the  limited  mobilitj 
of  the  eyes  in  the  high  degrees  of  myopia,  the  basis  of  which  we 
have  already  indicated.  It  wiU,  in  fact>  in  general  be  admissible  only 
when,  after  the  operation,  no  permanent  converging  stoibismns  in  dia> 
tant  vision,  even  in  looking  somewhat  towards  the  side  operated  on, 
is  to  he  expected.  Yon  Graefe  has  from  this  point  of  view  established 
the  indications  with  great  accuracy.    The  condition,  ti/ie  f/ua  non,  for 
tenotomy  is  this :  that  under  the  attempt  at  single  vision,  a  suiiicieat 
divergence  of  the  visual  lines  should  appear  to  be  possible.  This  should 
be  tried  (after  neutralisation  of  the  myopia  by  concave  glasses  placed 
at  a  proper  distance  from  each  other)  with  prismatic  glasses;  we  ahoold 
inveetigate,  with  what  prismatic  glasses,  hdd  with  the  refnictrng  angle 
outwards  before  the  eyes,  single  distant  vision  is  still  attainable.  The 
strongest  glasses  then,  which  can  still  be  overcome,  give  the  measure  of 
the  possible  divergence.  It  is  allowable  now  so  to  perform  tenotomy 
that  this  j)ossible  divergence  shall  he  completely  removed.  Even  conver- 
gence of  from  1  to  li  mm.  may  at  first,  in  looking  straight  forward, 
be  obtained,  which,  after  cicatrisation,  again  gives  way.  When,  with- 
out the  employment  of  prismatic  glasses,  in  distant  vision  divergence 
of  the  visual  lines  already  exists,  there  is  not  the  sUghtest  difficulty  in 
the  way  of  tenotomy,  although  we  should  still  even  then  endeavour  to 
determine  the  effeot  to  be  obtained  by  the  maximum  of  the  prisms  to 
be  overcome.  But  we  must  not  suppose  that  with  the  removal  of  the 
possible  divergence,  we  have  always  made  binocular  vision  for  near 
objects  easy :  when  deviation  of  the  eye  behind  the  hand,  at  the  dis- 
tance at  which  binocular  vision  is  desired,  is  much  greater  than  the 
utmost  divergence  which  we  are  allowed  to  correct  by  tenotomy,  we 
shall,after  this  correction,  retain  an  insufficiency  for  this  distance,  which, 
with  binocular  vision,  if  it  is  not  wholly  absent^  will  still  give  rise  to 
asthenopia.   We  must,  therefore,  in  such  cases  bear  in  mind  that 
after  tenotomy,  the  correction  must  be  supplied  by  prismatic-ooncave 
glasses.  Hence,  therefore,  it  also  follows,  that  when  in  distant  vision 
only  comparatively  very  weak  prisms  can  be  overcome,  the  operation 
certainly  effects  almost  nothing,  and  where  it  appears  that  no  divergence 
is  j)ossible,  tenotomy  is  absolutely  contra-indicated.  Certain  rules  for 
regulating  the  etl'ect  of  tenotomy  according  to  the  degree  of  the 
deviatiou,  are  laid  down  by  von  Graefe.    Personal  experience  is, 
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'however,  abo  neoessaiy.  In  general^  I  found  in  atronglj  myopic 
indhridnalfl  the  effect  of  tenotomy  to  be  less* 

XT.  Therapeutic  Treatment. — For  myopia,  as  such,  there  is  no 
tberapeutic  treatment.     Myopia  consists  in  an  anomaly  of  form 
capable  of  no  improvement,  and  of  which  only  hygienic  measures 
mnst^  if  possible,  prevent  the  farther  development.  But  it  is  not  an- 
frequently  complicated  with  symptoms  of  irritation  and  inflammation, 
and  with  other  pathological  deviations  of  different  kinds,  which  partly 
proceed  from  it,  partly  promote  its  further  development;  and  with 
respect  to  these  it  is  the  duty  of  the  therapeutist,  to  the  best  of 
his  ability,  to  interfere.    It  is  not  part  of  the  plan  of  tliis  work  to 
enter  into  detailed  discussions   respectiii£j  tlurapiutir  questions. 
WTiile  it  treats  of  anomalies  of  refraction,  it  must  make  known  the 
dioptric  remedies  which  counteract  them;  but  it  cannot  treat  in  exUtuo 
of  comfdicationsy  which  neith^  necessarily  belong  to  the  essence  of 
these  anomalies,  nor  are  characteristic  of  them — ^much  less  still  of 
their  treatment.   Consequently,  only  brief  indications  are  to  be  ex- 
pected hcre^  respecting  treatment,  in  connexion  with  some  prognostic 
hints. 

In  the  foreground  appear  symptoms  of  irritation  at  the  period  of 
puberty,  characterised  by  capillary  hyperomia  of  tbc  nerve-surface 
(and  of  the  retina),  and  by  fatigue  and  pain  in  the  eyes,  espedaliy 
on  exertion  in  the  evening.   Under  such  circumstances  we  should 
he  partieukaly  strict  with  respect  to  the  hygienic  directions  (com- 
pare p.  408),  which  are  in  themselves  in  many  cases  sufficient.  It 
is  also  of  great  importance  to  keep  the  feet  warm.    Often,  too,  a 
douche  on  the  closed  eyelids  is  agreeable.    If  the  symptoms  do  not 
give  way,  we  may,  with  avoidance  of  a  stimulating  diet,  combine 
some  derivation  on  the  intestinal -canal,  and  we  may  in  addition 
recommend  the  application,  to  the  frontal  and  temporal  regions,  of  a 
stimulating  embrocation,  composed,  if  there  be  any  coexisting  external 
irritation  of  the  eyes,  rather  of  non-volatile  ingredients.    At  the 
same  time,  especially  when  it  appears  that  the  myopia  is  rapidly  pro- 
irrpssive,  all  tension  must  be  avoided.    So  far  as  work  is  permitted, 
this  must  be  aceomphshed  in  slight  degrees  of  myopia  without  spec- 
tacles, and  in  higher  degrees  r  must  be  brought  accurately  to  twelve 
inches.   If  fatigue  or  pain  should  occur,  work  must  in  either  case 
be  suspended ;  and  if  the  use  of  spectacles  appears  more  rapidly  to 
csose  ftitigue,  we  should  not  lay  stress  upon  tiieir  ado])tion,  but  take 
care  only  that  the  patient  maintains  a  proper  position  in  whatever 
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work  he  still  perfomu.  If  ifc  be  suspected  that  the  sjmptoms  of 
irritation  haye  excited  spasm  of  aocommodation,  as  often  occuis  in 
high  degiees  of  myopia  in  youth,  we  should  employ  sulphate  of 
atropia,  partly  to  test  the  truth  of  the  suppositioBy  partly  to  remove 
the  spasm  and  to  prevent  it  returning  on  each  effort  to  sea  We 
may  then  even  continue  this  application  for  some  days,  whereby 
the  rayopc  becomes  accustomcil  to  look  at  the  greatvi^t  distance 
of  distinct  vision ;  unneres8;>ry  convergence  is  thus  prevented,  and 
from  tliis  plan  no  injury  is  to  be  appreliended,  provided  we  cause 
the  patient  to  avoid  strong  light,  or  to  moderate  it  by  means  of  grey 
glasses.  In  case  of  a  relapse  of  the  symptoms  of  irritation,  with 
spasm  of  accommodation,  the  application  of  Henxteloup's  artificial 
leeches  to  the  temples,  followed  by  twenty-four  hour^  staj  in  the 
dark,  with  gradual  transition  to  light,  has  been  found  veiy  osefuL— 
In  spite  of  all  efforts,  however,  these  symptoms  of  irritation  in  some 
constantly  recur.  If,  moreover,  the  myopia  is  rapidly  progressive, 
the  patieut^s  state  is  serious  enough  to  make  it  necessary  to  warn  him 
against  choosing  an  occupation  in  which  close  work  would  be  con- 
stantly required ;  above  all,  snch  myopes  should  not  be  office-clerks. 
But  such  cases  are  rare :  with  few  ezoeptions  the  inconvenienoea  dia» 
appear  before  the  twentieth  year. 

At  a  later  period  of  life^  the  acnteness  of  vision  aomfitimBs 
dimioidies  in  hi^  degrees  of  myopia  in  a  hw  months  in  a  Banner 
to  cause  considerable  uneasiness.  In  these  cases  tiie  hypensaiin  at 
the  borders  of  the  atrophy  often  leads  us  to  suspect  the  existence  of 
progressive  myopia,  while  to  this  state  of  things  other  signs  of 
irritation  are  usually  added.  If,  in  such  instances,  no  organic 
changes  are  ophthalmoscopically  to  be  observed  in  the  region  of  the 
yellow  spot,  we  almost  always  obtain,  within  a  few  weeks,  a  oaa- 
sideiable  improvement  of  the  acnteness  of  \ision,  by  the  weekly  ab- 
straction of  blood  after  Heurteloup'a  method,  by  keeping  the  pataent 
in  a  moderate  light,  and  by  making  him  avoid  tension  of  the  ejcs^ 
combining  this  plan,  according  to  drcumstanoes,  with  the  use  of 
the  douche  and  of  a  stimulating  embrocation,  with  derivation  by  the 
intestinal  canal  and  stimulating  pediluvia.  Even  when  there  are 
[)€rceptible  morbid  ehaiiizes  in  the  yellow  spot  we  need  not  des«pair, 
so  long  as  subjectively  a  de^ed  scotoma  does  not  remove  direct 

vision.   In  persons  of  60  years  and  npwarda,  with  myopia  of  ^  and 

even  of  ^,  I  have,  by  following  the  above  directions,  seen  the  acute- 
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ness  of  vision  rise  from  ^  or      to  ^  or  ^,  and  thus  become  quite 

BolBeient  for  wiitiog  and  raiding.  It  is  quite  a  different  thing  when 

a  circumscribed  scotoma^  opbthalmoscopicallv  perceptible  in  the 
yellow  spot,  is  also  perceptible  to  the  patient.  This  indicates  a  pro- 
found di.sturbance  in  the  seat  of  direct  vision.  Blindness  is  in  general 
not  particularly  threatened  thereby ;  but  improvement  of  direct 
vision  is  not  to  be  expected^  and  if  both  ejes  are  equally  affected^ 
the  patient  must  prepare  himself  for  the  impoctsibility  of  readings 
witting^  or  peiforming  minnte  work. — In  cases  of  accessory  choiio- 
iditia  disseminata  the  same  direetioBS  sxe  to  be  dbsenred.  In  snch 
we  mnst  expect  repeated  improvement  and  aggravation  of  the  affec- 
tion. Affcer  many  years,  however,  the  result  usually  becomes  so 
unfavourable,  that  ordinary  work  can  no  longer  be  performed. 
Motes  are  at  the  same  time  often  present  in  the  vitreous  humour  ;  of 
tlie  cause  of  these  I  have  already  treated.  Especially  under  these 
circumstances  it  is  usual  to  prescribe  a  long  course  of  small  doses  of 
preparations  of  iodine  or  mercury.  I  too,  have  repeatedly  done  this, 
but  I  would  not  venture  absdntely  to  assert^  that  I  have  seen  fttvour- 
ahle  molts  from  it*  Many  patients  give  themselves  more  trouhle 
abont  these  motes  than  they  deserve.  If  no  definite  morbid  changes 
threaten  the  yellow  spot,  we  may  give  a  comparatively  f&voorable 
prognosis ;  we  should  advise  that  the  attention  should  be  as  much 
as  possible  withdrawn  from  them,  and  the  attempt  to  do  this 
should  be  seconded  by  causing  the  patient  to  wear  nearly  neutral- 
ising glasses,  made  so  as  at  the  same  time  to  moderate  the  light, 
and  thus  to  make  the  shadows  of  the  motes  appear  less  defined.*— 
Complaints  of  persistent  photopsia  are  yet  lender,  but  are  fortunately 
Tuer.  It  occnrs  diiefly  in  diffose  atrophy^  and  indicates  a  state  oi 
irritation  of  the  optic  nerve.  Ihave,  in  addition  to  the  above- 
described  teeatment^  tried  nnmeiona  remedies  against  it,  among 
others,  narcotics,  but,  so  &r  as  I  recollect,  always  in  vain.  The 
complaints  were,  in  some  cases,  especially  in  nervous  women, 
lamentable,  and  it  has  often  surprised  me,  that,  with  snch  signs  of  con- 
tinual irritation,  the  acuteness  of  vision  was,  in  the  course  even  of  some 
years,  but  slightly  diminished. — Against  the  most  melancholy  compli- 
cations of  myopia,  effosion  of  blood,  and  detachment  of  the  rethia, 

*  Opaque  memhranes  ia  the  -ntieoas  hmaoiir  oavte  more  diftorbaaoe. 
The  most  leoent  experience  of  von  Oraefe  raises  the  question  whether  some 
reralts  afe  not  in  these  eaies  to  be  obtained  by  operation. 


Digitized  by  Google 


432 


MYOPIA. 


treatment  is  almost  powerless.  In  cases  of  effusion  of  blood  in  the 
vitreouB  Immoar,  we  maj  expect  absorption,  leaving  behind  it  some 
opaque  motes  and  membranes.  The  metamorphosis,  under  which  the 
abeorpftion  takes  phioe,  is  a  spontaneous  process,  whidi  treatment  can- 
not promote  and  the  physician  has  therefore  to  confine  himself  to 
hygienic  rales,  and  to  such  deriyatiTe  or  constitutional  treatment  as 
may  appear  to  be  adapted  to  each  individual  case.  Pressure,  by  means 
of  a  bandage  applied  at  intervals,  might  probably  favour  absorption, 
but  wlien  the  bandage  is  taken  off  the  tension  of  the  fluids  is 
diminished,  and,  as  appears  on  ophthalmoscopic  investigation,  the 
vessels  are  distended,  whereby  the  danger  of  fresh  effusion  must  ne- 
cessaiilj  be  increased.  After  repeated  rebpees,  the  vitreous  hnmonr 
remains  opaque,  and  the  fundus  ocuH  is  sometimes  wholly  invinble. — 
Occasionally,  after  repealed  efiusion  of  blood  in  the  vitreous  humour, 
local  detachment  of  the  retina  occurs,  in  some  cases  certainly  in 
consequence  of  blood  accumulated  between  the  retina  and  the 
cliorioidea.  Partial  absorption  is  here  also  to  be  expected,  but  the 
detached  portion  of  the  retina  never  again  resumes  its  functions. 
The  prognosis  in  detachment  of  the  retina  by  a  serous  fluid,  such  as 
often  occurs  in  liigh  degrees  of  myopia,  is  somewhat  less  unfavourable. 
Irritation  of  the  chorioidea  and  diminished  connexion  by  displace* 
m^t  of  the  retina  over  the  disfffoportionaiely  extending  atrophy  of 
the  chorioidea,  must  tend  to  promote  this.  In  very  rare  cases  ab- 
sorption may  occur,  which  many  endeavour  to  promote  by  means  of 
all  kinds  of  remedies  (mercurials,  ])reparatioiis  of  ioihne,  derivants, 
sudorifics),  very  problematical  in  their  action;  but  in  a:t*neral  im- 
provement of  the  siifht  depends  upon  the  fluid  sinking  to  beneath 
the  seat  of  direct  vision,  or  upon  a  diminished  morbid  condition  of 
the  parts  of  the  retina  bordering  upon  the  detachment.  Eupture  of 
the  retina*  is  so  far  advantageous,  as  the  danger  of  further  detach- 
ment appears  thereby  to  be  lessened.  This  fact  it  was  which  chiefly 
suggested  the  idea  of  dividing  the  detached  part  by  incision.  Sichel 
had  already  at  an  earlier  period  advised  the  discharge  externally  of  the 
effiised  fluid,  by  puncturing  the  sclerotic  in  the  seat  of  the  detachment. 
This  is  attended  with  no  diHiculty  whatever;  but  it  does  not  appear  that 
any  advantage  is  obtained  by  it.  The  incision  of  the  detached  part  was 
performed  chiefly  by  Adolf  Weber  and  by  vou  Graefe,t  with  a  two- 

*  Liebnioh  gives  a  good  repreoentatioii  of  it»  Atku  tPOphihabiwteopie, 
Tab.viLFig.  1. 
f  Compare  ArdUv/.  Ophthaimoiogie,  B.  ix.  p.  85. 
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edged  needle,  carried  from  the  inside  through  the  vitreons  Immonr* 
In  this  manner  a  oommnnication  was  established  between  the  fluid 
accumulated  behind  the  retina  and  the  vitreous  humour^  with  which 
it  mingled ;  and  the  difference  of  pressure,  which  plays  a  part  in  the 
origin  and  further  development  of  the  alfection,  was  tluis  removed. 
No  injurious  effect  resulted  from  the  operation ;  in  some  cases,  at 
least  at  first,  some  improvemeut  was  ohserved;  but  experience  has  as 
yet  by  no  means  decided,  whether,  and  in  what  cases,  permanent 
benefit  is  to  be  obtained  by  this  method  :  hitherto  it  has  been  em- 
ployed almost  exclusiveljf  in  old  and  nearly  hopeless  cases.  It  has,  in- 
deed, appeared,  that  in  staphyloma  pibeticum  the  danger  of  extension 
of  indpieDt  detachment^  and  consequently  of  increasing  destruction 
of  sight,  is  greatest.  This  therefore  justifies  the  practitioner  in  more 
boldly  attacking  precisely  these  cases  in  the  commencement. — In  all 
cases  of  recent  detachment  of  the  retina,  in  addition  to  the  ordinary 
hygiene  of  the  eye,  jolting;,  vibration,  &c.  (in  carriages  and  on 
railways),  as  well  as  violent  exertion  in  fatiguing  work,  are  to  be 
strictly  forbidden. 

For  the  sake  of  illustration  I  wiU,  in  conclusion,  endeavour  to 
sketch,  in  a  few  lines,  the  most  frequently-occurring  types  of  myopia. 

Slight  degrees  of  myopia  escape  the  observation  d  the  patient 

himself. 

I.  Mr.  S.  brings  me  his  son,  a  boy  of  15  years,  who  has  been  rejected  for 
BMiaightodiiMa  at  tiie  Military  Acad«my.  **  The  lad  la  not  nearsighted,  he 
reads  the  niialleft  writing  still  futher  than  he  can  reaeh.*'  At  twenty  feet 

he  sees  only  No.  60,  with  —  ^  No.  20,  with— i  no  better,  with  —  ^  and 

particularly  widi  —  ^less  acutely.  He  has  therefore  M  =      and  thorejeo- 

tion  is  legitimate.  Ophtlialmosoopically  scarcely  a  trace  of  atrophy  is  found, 
but  the  papilla^  arc  red.  He  has  latterly  worked  very  hard,  in  the  evening:, 
too,  with  moderate  li^ht,  in  order  to  prepare  himself  for  his  examination.  In 
doing  so  he  found  no  inconveuience.  He  had  indeed  last  year  observed,  that 
he  could  not  recognise  people  so  far  off  as  before,  but  he  did  not  attribute 
this  to  nearsightedness,  because  he  could  see  the  iiuest  object  sharply  at  the 
distance  of  two  feet. 

My  opinion  is :  that  the  myopia  will  increase  a  little.  To  prerent  it  in- 
oreasing  mncb,  let  him  work  by  good  light  (by  preferenoe  by  daylight), 
holding  op  his  head,  at  the  distanoe  of  from  14'  to  16*,  on  an  inolined  plane, 
with  interrals  of  some  nunutes  eveiy  half-hour.    I  add,  **Be  of  good 
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oli60r»  mj  ytrang  firind,  yoa  ou  be  whatefer  yon  with, 

towards  jour  eighteenth  year  (with  M  about  =       yo^  ▼ili  g«t  spectaoei 

to  wear  and  to  work  with,  mad  yea  will  pat  theae  off  lor  wwk  «ba«  At 
Age  at  whieh  othere  begin  to  wear  glaaMa.** 

In  higher  degrees  young  people  must  forthwith  aocostom  thai- 
selves  to  the  use  of  spectacles. 


U.  H.  oomea  in  hia  eighteenth  jear  to  the  Universitj.  He  ia 
and  wmild  now,  if  allowed,  gladly  wear  speetMlea,  in  eider  to  aea  bcfla* 

1  22 

at  a  diatance.  On  ezaminationy  I  find  ^  ^  fj'  ^  ^  ^»  ^  alcader  mtf 
oent  at  the  eptia  nerrea,  good  range  of  aeeotamodatien,  and  alao  in  elkd 

respects,  sound  eyes.  With  —  ^  he  sees  acutely  at  4',  and  reads,  uiidtr  a? 

inspection,  for  a  quarter  of  an  hoar  without  trouble.  In  otder,  howevK 
with  oertain^  to  avoid  aathenopia,  when  reading  fm  a  longer  tine^  he 

for  the  preeent  only  —  with  whieh  he  is  quite  eontent,  and  a  rem 
later,  —  ^i*  ^'"^  7**^  ^  thought  he  did  not  aee  at  a  diatanees 

aoutely  with  theae  glaaaea.  1  now  found  M  =  ^  and  did  not  heaitaie  a 

give  him  glaaaea  of  —  ^*    Under  no  circumstances  does  he,  in  using 

glasses,  experience  any  inconvenienoe  to  hie  eyeoi  and  1  TOitnro  te  {«- 
gnoatioate  that  his  myopia  will  not  inereaae  mneh  mere. 

With  diminished  range  of  accommodation  the  myopia  can  s 
longer  be  neutralised. 

III.  Dr.  L.,  aged  37,  with  myopia  =      and  otherwise  sound  eyea,  kai 

for  the  last  twelve  years,  now  and  then,  worn  spectacles,  which  com^t:-: 
about  from  i  to  |  of  his  myopia,  but  he  has  always  read  and  written  w:;ir 
out  glasses.  The  degree  of  the  myopia  has  at  this  time  somewhat,  but  (>• 
tainly  not  much  increased,   ^ot  long  ago  he  consulted  an  optidaa,  w 

gaye  him  —  ^  to  wear,  with  the  adriee  to  oontinne  to  weik  wHImI 

spectacles.  Dr.  L.  immediately  found  that  these  glasses  were  disasreeabl' 
to  him ;  walking  and  lookiag  at  a  diatance,  he  found  all  very  well,  but  ^ 
the  distanee  of  two  feet  he  eould  not  see  aentely  witiurat  an  effort,  vhic^ 
ineonvenieneed  him  at  table,  in  apeaking  to  people  whom  he  wiahed  to  lock 
at,  and  under  amny  other  ebonmataneea.  He  aaked  me  what  he  waa  to^ 
My  answer  waa :  If  yon  had  eommenoed  in  your  twenty-iinih  year  witt  Mt- 
traliaing  apeetaolea,  or  if  yon  had,  at  least,  used  your  weaker  glamm  ab»ri 
your  woik,  you  would  now  find  no  trouble  with  neutralising  speetadei  eitk 

*  In  Kugland,  M  doea  not  disqualify  an  officer. 
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eoirreigenee  at  two  feet*  and  even  at  one  foot»  in  aooommodatin;  for  that  dia- 

tanee.    You  are  now  obliged  to  keep  to  weaker  glasses,  for  example, —  ^ 

with  which  yon  still  see  perfectly  sharply  at  three  feet,  and  also  suffi- 
ciently well  at  a  great  distance.  You  are  tall,  and  are  therefore  in- 
clined to  stoop  forward,  and  it  is  consequently  desirable  that  at  work  you 
bhould  accustom  yourself  to  spectacles,  which,  however,  must  certainly  for 

tlie  piaaent  aot  ba  atnmgar  tliaa  —  ^  *  ^  dagreea  thair  atrmgth  aiay  1m 

•omewliat  inereased,  and  peiliapa  yoa  may  tneoeed,  within  a  acmple  of 

yean,  in  aooostoming  yourself  to  »      without  their  use  being  attended 

with  aymptoma  of  aaUienopia,  in  wluek  eaie  you  nay,  without  any  ii^my, 

easily  keep  the  same  glasses  of  —  under  all  circumstanoes,  for  half  a 
aoore  of  yean^" 

When  symptoms  of  irritation  occm>  myopic  eyes  have  need  of 


lY.  Min  T.  D.,  aged  18,  ia  mneh  addieted  to  reading,  and  not  Urn  lo  to 
working,  and  haa  in  both  reipceta  folly  indulged  her  indination,  even 
when  her  eyes  were  tender  and  rather  intolerant  of  light  She  now,  parti- 
oulaily  in  the  evening,  en  exertion,  qniekly  gets  pain  in  the  ejee,  and  she 

1  18 

has  applied  for  adviee.   I  ettaUish  the  eziitenoe  of  M  as    of  8  =  of 

capillary  hyperceraia  of  the  optic  nerves,  of  a  small,  doubly-contoured,  half- 
atruphic  crescent,  with  very  red  edges,  and,  externally,  of  some  injection  of 
the  subconjunctival  veaseb ;  the  lateral  movements  of  the  eyes,  as  well  as 

the  oonTeigenee,  are  ample  and  fbee.  Her  mother  haa  H  s  i.  The  young 

lady  remembera  to  have  formerly  had  mneh  more  acnte  visiott  for  distant 
ubjecta,  and  partionlarly  during  the  last  two  yean  to  have  lost  ground  in 
tbia  reapeot— She  muet  for  the  pteeent  neither  read  nor  woik;  ahe  muat 
avoid  atnmg  light ;  the  muit  get  apeetades  with  round,  Una  glaasea,  and 

must,  three  times  a-day,  for  five  minutes  on  each  occasion,  apply  a  douohe 
upon  the  closed  eyelids ;  she  must  sit  up  straight,  take  ears  to  keep  her  ieet 
warm,  go  to  bed  early,  and  avoid  all  stimulants.  A  month  later  the  sym- 
ptoms of  irritation  seem  to  have  yielded.  Upon  her  own  authority  she  lays 
aside  the  spectacles  and  again  begins  to  work,  with  the  result,  that  in  a  couple 
of  days  the  pain  reappears.  After  a  fresh  period  of  rest  she  gets  leave,  on 
condition  of  steadily  observing  the  other  dire«tions,  and  of  using  glasses  of 

—      with  whieh  she  sees  acutely  at  IS'',  to  play  the  piano  for  two  houra 

daily,  the  music  being  placed  at  precisely  18', — but  on  the  farther  condition 
that  every  quarter  of  an  hour  she  resta  for  aome  minutes.  After  the  lapae 
of  a  monthtBhe  may  graduslly  begin  to  read  a  little.  Fine  work  ia  per^ 
manently  forbidden^  and  writing  ia  very  mneh  reetrieted,  the  more  eo  he- 
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etme  the  wOl  not  use  spectades,  uid  therefore- mmt  alwaye  etrongly 
▼erge,  and  be  ineKned  to  iloop  fimrud.    Bhe  was  itriollj  flnjoined  t» 
hoH  werj  oljeot  at  the  gieateit  diitanee  of  distmet  yintm, — ^Ayear  snhte- 

qiitntly  ^lie  again  prettnta  herself.    The  myopia  is  increased  to  —  »  ■•W' 

and  thon  some  sensibility  had  stirnulated  her  to  a  stricter  observance  of  tb^ 
directions,  and  more  severe  symptoms  were  thus  prevented.  — Moderate 
reading,  with  the  book  in  tlie  liand,  and  piano-playing,  with  the  use  of  the 
apectaeles,  are  the  only  indulgences  at  present  permitted ;  for  distaDt  visioa 

a  glass  of  —  i  is  given  her.— With  great  care,  the  incoaTenience  will  grs> 

dually  lessen,  but  it  is  to  be  expected  that  at  fifty  years  of  age  the  myopis 

will  have  increased  to  ^,  and  that  at  a  more  advanced  period  the  aoutcnces 

of  Tisbn  will  hnve  mors  than  ordinarily  diminished,  while  her  eyes  wiU  be 
liable  also  to  other  aeoidents. 

Spism  of  aocommodiitioii  may  sapenrene  upon  the  symptoms  of 
imtotion. 

V.  T.  W.,  aged  17,  was  nearsighted  from  childhood,  nnd  has  for  some 
time  been  unable  to  continue  working,  in  consequence  of  rapidly-increasiiig 
pain  in  the  eyes,  which  are  also  permanently  sensitive.    I  found  myopia  <^ 

2^1}*  somewhat  stronger  still  in  the  left  eye ;  moreover,  capillary  hyperasmis 

of  the  optio  diso;  at  ito  outside  a  perfectly  atrophic,  white,  sharply* 
defined  crescent,  0.8  nun.  broad  in  the  transyerae  direction  (the  axis], 
straightened  retinal  vessels,  no  trace  of  chorioiditis,  rather  email  pu^ 
easy  convergence  of  the  visual  lines  up  to  2i"  (he  then  also  read  binoco- 
larly),  scarcely  any  subconjunctival  injection,  no  prominence  of  the  eyes, 
eyelids  healthy,  but  a  tendency  to  approximate  them,  not  merely  in  order  to 
see  better,  but  also  on  account  of  some  intolerance  of  light.  He  showed  me 

speetaoles  of  —     which  he  had  worn,  and  had  also  used  at  work,  but  by 

the  advice  of  others,  he  had  afterwards  laid  them  aside,  and  he  had  since 

13 

not  got  on  better.  The  acntenesa  of  vision  amounted  to  only  ^  This 

latter  cironmstaace  ohielly  isdnced  me  to  prescribe  a  Henrtehmpiaa  abstrac- 
tion of  blood  *  from  both  templea,  and  to  make  him  remain  for  twestgr-foiir 
hoars  afterwarda  in  the  dark.  After  gradual  transition  to  the  light,  the 
degree  of  myopia  was  again,  with  the  aid  of  glassea,  determined  in  the  ncit 


accnrato  manner,  and  was  fonnd  s  ^»  at  the  same  time  the  aoateDssssf 


•  Heurteloupian  abstraction  of  blood  is  accomplished  by  means  of  an  arti- 
ficial leech  making  a  circular  wound,  and  yielding  much  blood  on  exhaus- 
tion by  means  of  a  glass  cylindi  r.  (The  instrument  is  to  be  had  at  Lucres, 
Paris.    Ita  price  is  lifty  francs.) 
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▼iaion  had  inoreased  to        Instillation  of  sulphate  of  atropia  now  brought 

tli,«  myopia  to  1^.   The  patient  was  still  kept  some  days  in  a  half-darkened 

a.pi\rtment ;  subsequently  the  double  abstraction  of  blood  was  again  had 

recourse  to,  and  the  hygienic  rules  which  have  already  been  repeatedly 

ruentioned,  were  strictly  eiijoined.    Thus  at  the  end  of  a  month  the  acute- 

18  1 
neaa  of  Tiaioii  bad  lisen  to  «,  and  the  myopia  was  established  as  He 

xxow  got  speotaoles  of  —  1,  both  to  wear  and  also  In  order  ooeasionally  to 


and  write  for  a  quarter  of  an  honr»  whioh  could  thns  be  done  at  the 
fiiatanoe  of  aboot  10*,  and  tbereibre  must  be  done.  From  time  to  time 
slif^ht  attaeka  of  pain  etill  ooonned,  whiob  disappeared  on  atriot  rest  The 

apeotaoles  were  snbsequently  strengthened  to  —         These  glasses,  held 

close  to  tin-  eye.  brought  the  farthest  point  to  14',  which  was  quite  sufficient. 
^-^Xhe  strong  oonveigenoe  and  bad  position,  not  oompletely  oorreoted  by  the 

glasaes  of  —  g  preyiously  nsed,  bad,  with  original  highly  myopio  struotnre, 

Ijeen  followed  by  congestion  of  the  optic  nerve,  with  diminished  acuteness 
of  visiuu,  spasm  of  aooommodation  and  other  symptoms.  They  yielded  to 
"the  rather  energetic  treatment,  and  by  avoiding  strong  convergence,  &o.,  with 
the  use  of  toitable  spectacles,  they  did  not  retnm  with  equal  ▼iolenoe.  It 
ia,  howero,  to  be  antioipated  that  the  myopia  will  eontinne  permanently 
progrssaive,  and  that  at  a  more  advaaoed  age,  the  aouteneas  of  Tision  will 
•ufler.  The  eyes  must  therefore  always  be  watdied,  and  a  position  In  lifs 
ia  to  be  preferred  whieh  will  not  require  mnoh  oloae  work. 

Even  in  youth  a  very  high  degree  of  mjopia  may  produce  pro- 
found diaturbauce. 

VI.  Mtts  &,  a  little  deformed  personage,  aged  27,  has  prominent  eyes, 
with  eoniiderable  enlargement  of  all  axes  (bnpbtfaalmio  liram),  i^pa- 
rently  small  oomea,  aomewhat  blnisb  sderotio,  with  widely-open  eye- 
lids, with  myopia  =  ^ ;  and,  on  correction  of  the  myopia,  acuteness  of 

vision  at  a  distance  of  uuly  Even  in  her  twelftfi  year  the  nearsighted- 


was  inconvenient,  and  it  constantly  increased  until  now  she  cannot 
attempt  writin<^,  and  can  read  only  comparatively  largo  print,  held  close  to 
the  eye,  of  course  onl}-  with  one  eye,  without  convergence  ;  she  complains 
also  of  motes  Hoating  before  her  eyes,  and  of  flashes  of  li^ht,  particular)}' 
in  the  dark.  Ophthalmoscopically  we  find  an  apparently  small  optic 
disc,  of  a  white  colour,  with  irregularly  bound  edhaJf-eliiptical  atrophy, 
straightened  retinal  Tessels,  a  light-red  fundus,  here  and  there  some- 
what spotted  with  yellow  and  grey,  with  separate  ohoriddeal  Tcssela.  The 
employment  of  Henrlelonp's  abstraotionB  of  Uood  and  strict  hygiene  of  the 
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eyes  produced  soaroely  any  improvement.  The  patient  does  not  wish  to  wear 
spectacle!^,  w  hich,  in  comparison  to  the  diminution,  add  but  little  dLitiDctoesus 
to  the  objects ;  she  also  finds  it  equally  fatiguing  when  she  endearouis  to  read 
Urge  print  with  ipeetMlo^  and  she  finally  oonaonts  to  aonfia*  honelf  to 
eoano  work,  whidi  aha  aan  parfSnrm  by  fading.  Some  wofds  ah*  laada 
without  apeotaelaa,  with  ona  aja.  For  diatant  objaata  aha  finib  a  atcmifta 

eyeglass  of  —  ~  the  most  satisfaotory.    In  this  unfortonate  condition 

nothing  but  impairment  is  to  be  expected,  the  progress  of  whiflh  suij»  by 
the  known  mlea  of  ocular  hygiene,  be  indeed  retarded,  but  not  prevented. 
If  the  symptoms  of  irritation  increase,  HaortaLonp'a  method  of  abatnutting 
blood  may  atill  oooaaioPftUy  bo  uaefuL 

The  occurrence  of  fatigue  daring  work  indicates  the  ezistenoe  of 
insnffidenqr  of  the  musciili  recti  intenii. 

TU.  Miss  T.  R.,  aged  18,  has  for  some  yean  been  aonatantly  obliged  to 
aoapend  har  work,  in  conaagnapaa  of  a  faaling  of  iatigae  and  tenaioii.  She 

haa  in  vain  tried  wiona  apaetaalaa.  I  aitabliah  M  s    ^  a  1,  with  fiie 

ordinary   crescentio  atrophy ;   the   eyes  are  otherwise   sound   and  the 
eyelids  healthy.    1  suspect  insufficiency  of  the  recti  interni.    While  she 
reads  at  6"  with  both  eyes,  I  bring  a  small  screen  before  the  left,  and 
obearra  it  dariata  oatwarda  behind  the  toraan.   On  remoring  the  bcreea  the 
eye  again  oonvergea  anffiaiantly.   Having  made  aona  inqniriea,  I  find  that, 
altar  having  read  for  halfra]i4iour,  the  laA  aya  ia  alwaya  drawn  outwarda, 
that  thia  givaa  har  an  nnplaaaant  laMation,  and  that  the  aflbit  to  ovanoM 
the  deviation  fatignaa  her  atill  more.  Thos,  she  had  haiaalf  already  lamarind 
the  insufficiency,  without  having  been  able  clearly  toaooonat  for  it,  and  wiAi^ 
out  having  spoken  of  it.  On  approximating  an  object,  she  oonvefgea  up  to  4', 
after  which  the  left  eye  rapidly  and  strongly  deviates.    However,  on  lateral 
movements  the  excursions  appear  normal ;  towards  distuit  objects  the  eyes 
are  also  properly  directed,  and  they  maintain  this  direction  when  one  eye  is 
covered  ;  a  prism,  too,  placed  before  one  of  the  eyes,  with  the  angle  upwards, 
gives  double  images  of  a  remote  light,  without  lateral  deviation,  one  of 
the  images  being  almost  directly  above  the  other  ;  while  a  prism  of  G°,  with 
the  angle  outwards,  gives  interseotad  doable  images,  which  do  nut  dis- 
appear, thxm  it  ia  evident  that  onr  patient  can  diverge  little  more  than 
normally,  and  yet  that  aha  haa  comparatively  mneh  too  great  difficolty  in 

QonvergiDg.   With  glasses  of  from  —  booking  at  from 

IS*  to  10^,  maintain  the  convergence  much  longer,  but  yet  not  anflioientiy : 
the  oovered  eye  now  alwaya  deviatea  alao^  atill  direotiy  ovtwardf.  By 

oombining  —  ^  with  a  prism  of  8^  the  difficulties  appear  to  be  removed, 

and  the  now  covered  eye  actually  scarcely  any  longer  alters  its  direction. 
Besidea  such  glasses,  she  receives  a  double  eye-glass  with  aimple  glaisea  of 
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~       Witb  tliii  ilie  it  flKoeedingly^  pfoaaed,  bat  tke  prinnitM  oombiiia- 

taxm  wearies  her.  She  would  willingly  undergo  teuutumy,  which  was 
spokmi  of,  but  ta,  undoabtedlj,  even  in  looking  straight,  and  portionlarly 
In  looking  to  the  left,  double  images  at  a  distanoe  would  remain,  I  do  not 

think  the  operation  indicated.   1  inally,  I  give  her  glasses  of  —  ^>  with  the 

axea  closer  to  one  another  than  the  axes  of  the  two  eyes;  and  if  she  has 
to  work  only  one  bbnr,  she  gives  the  preference  to  these,  aboye  the  pria> 
matte  combination.    She  has  to  be  particularly  careful  not  to  use  theae 

spectacles  in  looking  at  remote  objects:  on  account  of  the  position  of  the 
glasses  she  would  in  doing  so  be  compelled  to  diverge  somewhat,  which 
could  not  act  otherwise  than  injuriously  upon  the  power  of  the  recti 
intemi. 


The  insufficiency  may  sometimes  be  completely  corzected  bj 
tenotomy. 

Till.  Mr.  C,  a  mechanic,  with  M  =       has,  except  the  ordinary  crescent, 

sound,  sharpseeing  eyes.    Yet  his  work  fatigues  him  after  a  short  time, 

and  he  thinks  it  not  well  to  continue  using  his  sight.  His  looking  at  a 
distance  did  not  exhibit  the  ordinary  apparent  convergence,  but  rather  gave 
the  impression  of  divergence.  This  immediately  suggested  to  me  the  idea 
of  insufficiency  of  the  recti  interni.  On  examination,  it  appeared  that  in 
unconscious  distant  vision  he  had  the  tendency  to  divergence,  which  was 

absent  when  bs  saw  aentely  through  glaaaea  of  —  -g-;  that  be,  howeTer» 

aided  with  —  ^9  for  the  sake  of  single  vision,  could  overcome  a  prism  of 

13*  with  the  angle  outwards,  and  consequently  eould  considerably  diverge. 
When,  in  reading  at  a  distanoe  of  8',  a  screen  was  brought  before  the  one 
eye,  evidently  deviated  outwards,  to  turn  a^ain  inwards  on  the  removal 
of  the  screen,  and  it  appeared  that  this  movement  was  scarcely  greater  than 
that  which  was  observed  after  the  removal  of  the  prism  of  12",  in  looking 
at  a  distance.  Conse(jut-'ntly  the  insufficiency  with  a  certain  convergence, 
made  itself  not  much  more  strongly  felt  than  in  distant  vision.  Tenotomy 
was  therefore  indicated.  It  was  immediately  performed,  first,  on  the  left 
eye,  the  effect  of  which  was  atill  unsatisfactory ;  then  also  on  the  right  eye, 
when  it  was  at  first  too  great,  so  that  remote  bljeets  appeared  single  only 
in  the  direction  to  the  right  of  the  middle  Ime ;  but  forthwith  oonvergenoe 
to  8*  took  place,  with  the  greatest  ease,  and  after  some  weeks  the  double 
imagea  eeased  alao  at  a  distance.  The  snooeaa  was  oomplete.  Fatigoe  was 
no  longer  mentioned,  paftionlarly  not  after  oar  patient,  by  my  advise, 

had  begun  to  wear  glaaaea  of  —      and  to  nae  them  at  bia  work. 
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Even  in  elderly  people  myopic  amblyopia  maj^  in  a  great  measoi^ 
yield  to  suitable  treatment. 

IX.  Mr.  M.,  a  banker,  aged  63,  has  tpent  his  life  writing,  *'  hfts,**  u  he  sajs, 
**  eaiefnUy  refrained  from  the  use  of  spectacles,  and  has,  neyertheless,  by  de> 
grees  nearly  lost  his  sight.*'  For  a  long  time  he  had  still  been  able  to  read 
with  the  left  eye,  but  tome  time  ago  this  became  wane  than  thie  right.  I 

eata]kliihintheWfteye,M»y  withS«^;inl^eriglit,M=^  with 

8  =  ^  Tha  latter  eye  had  alao  ao  mnoh  opadty  of  the  laaa,  that  witiieMC 

it  the  acuteness  of  vision  would  still  have  been  pretty  good  ;  in  the  Itf; 
eye,  on  the  contrary,  rather  well-marked  diffuse  atrophy,  with  an  atropine 
belt  through  the  region  of  the  yeUoir  spot,  was  to  be  aeen.  I  stated  my 
legret,  that  both  dofeeta  did  not  eziat  In  the  tame  eye ;  but,  at  the  mm&  time, 
my  hope  that  in  the  left  eye,  in  whioh  within  some  weeka  tiie  «ig|&t  had  m 
Tery  mndh  dimlniahed  (without  effhaion  of  Uood,  without  dataeimicBt  of  Ihe 
retina,  and  without  local  Motoma  of  the  yellow  spot),  ImproTement  wna  aliD 
to  bo  ohtalnod*  I  ga^o  a  atimnlating  linhnent,  to  be  applied  mhaw  the  eyet, 
pedilnria  with  mineral  aoida,  rbamnus  to  keep  the  bowels  open,  otdoid 
reat  of  the  eyes,  avoidance  of  strong  light,  preaoribed  giqr  glasses,  and  had 
a  Henrtakrap's  leeoh  applied  to  the  left  temple  every  week.  At  tbo  end  ef 

three  weeks  the  acuteness  of  rision  had  risen  again  to    ,  and   it  subee- 

quently  attained,  under  a  oontinuanoe  of  the  treatment,  with  abatraotion  of 

Uood  OTory  fortnight,  nearly  to      ao  that  ho  ooold  again  Y9ry  wtSi  read 

ordinary  print.  He  was  forbidden  to  write.  He  read  without  spectacle?, 
with  the  book  in  the  hand,  at  the  distance  of  5',  while  the  right  eye  deviated 

outwards.  For  distance  he  got  a  double  eyeglass,  with  a  glass  of  ^,  to 

bo  used  sparingly.  Ha  had  lived  ao  for  without  using  spectacles,  and  I 
found  no  indication  to  give  them  to  him  in  his  sixty- third  year ;  otherwise 

he  could,  without  iuoonTcnienoe,  have  worn  glasses  of  — ^ ;  but  with  the 

diminished  acuteness  of  Tision  he  ought  not  to  read  txe^  without  spee- 
taoles,  and  fortunately  oonTcrgence  did  not  then  take  place. 

Sootomata  in  theydlow  spot  make  reading  and  writing  imposnU^ 
but  do  not  threaten  blindness. 

X.  The  Consol  M.,  aged 47,  presents  in  his  whole  bearing  the  oharadeisof 
a  highly  myo]^  person :  stooping  neok,  dosely-knit  eyelids,  largo  eyes,  of  the 
lougaxes  of  which  we  can  easily  satisfy  ourselves.  His  myopia  has  oziated  fnm 
youth,  and  is  of  hereditary  origin.  He  has  always  read  and  written  modi, 
usually  with  comparativ^y  weak  spectaoles.  In  the  right  eye  tiie  myo^ 
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now  amounts  to  —  ^  with  ^  aouteness  of  vision ;  in  the  left  the  myopia  is 

not  less ;  but  it  cannot  be  aomuately  d«tennined  on  aooount  of  a  scotoma 
in  the  yellow  spot  In  the  space  of  two  months  this  had  developed  itself,  ao 
that  he  could  not  see  wlmthe  fixed.  He  was  in  a  sad  state  of  mind,  and  put 
the  question  to  me, "  Must  I  become  blind  ?  "  Ophthalmoscopically  I  found 
in  the  left  eye  a  tolerably  extensive  circumscribed  crescent,  here  and  there 
traces  of  diffuse  atrophy,  and  in  the  yellow  spot  a  pale  granular  fold,  furnished 
'with,  and  partly  bounded  by,  larger,  irregular,  sharply-defined,  dark  pig- 
ment-spots. In  the  right  eye,  too,  the  crebceut  was  about  equal  to  that  in  the 
left ;  and  in  the  yellow  spot  the  pigment  was  slightly  granular,  and  was  irre- 
gularly  distributed  upon  u  pukr  ground.  I  oould  now  answer  him :  Do  not 
fear  blindness,  but  abstain  firom  all  exertion  of  the  eyes.  Confine  your  reading 
and  writing  to  what  is  absolutely  neoessaryt  and  let  them  be  continued  only 
for  a  few  minutes  oooaaionally.  I  cannot  conceal  from  you  that  the  left 
eye  is  for  ever  useless  for  fine  work,  the  right  eye  would  become  so  by  ex- 
ertion." I  am  accustomed  unreservedly  to  state  the  danger  of  the  patient's 
state,  only  when  he  has  to  act  accordingly.  This  was  the  case  in  this 
instance.  But  nevertheless,  I  did  not  attain  my  object,  "  his  circum- 
stances did  not  permit  it."  There  was  no  reason  to  add  that,  in  my  opin- 
ion, even  if  he  left  oti'  all  work,  the  further  development  of  tlie  scotoma 
in  the  right  eye  could  not  be  permanently  arrested.  Dissatistied  \vith  my 
opinion,  the  patient  repaired  to  a  foreign  oculist,  who  promised  him,  and 
also  made  him  believe,  that  he  would  oure  even  the  left  eye.  A  full  year  the 
patient  spent  with  him,  always  in  hope  and  confidence.  But  when  the 
second  eye  commenosd  to  reftise  its  service  for  reading,  his  confidence 
began  to  waver.  Two  years  later  be  paid  me  a  second  visit  On  the  right 
eye,  also,  a  sootonm  waa  now  so  ihr  developed,  that  he  eonld  scareely 
decipher  a  single  word.  He  appeared  dissatisfied  with  himself  for  not 
having  followed  my  advice.  I  gave  him  the  ordinary  hygienic  diieotions, 
and  I  was  aUe  to  comfort  him  with  the  hope  that  his  condition  would  not 
become  much  worse.  It  is,  in  fact  my  opinfon,  that  he  will  permanently 
continue  in  a  state  to  move  about  freely  and  to  distinguish  large  objeots. 

Hereottvei  ipeetades  of  ~ 


In  loosemng  of  the  retina  the  prospect  is  very  gloomy. 

XI.  Mr.  8.,  aged  43,  was,  as  well  as  his  father,  extremely  nearsighted 
from  youth.  In  his  thirty-second  year  he  lost  in  a  great  measure  the  power 
of  vision  in  his  rij^ht  eye,  in  which  cataract  became  dt  veloped.  Extraction 
was  followed  by  atrophy  of  the  eye.  Sight  now  suddenly  became  obscure  in 
the  left  eye  also.  The  following  day  he  called  upon  me.  I  ascertained  the 
existence  of  detachment  of  the  inner  part  of  the  retina,  extending  into  the 
neighbourhood  of  the  yellow  spot  Large  letters  he  could  still  read,  but  at 
one  uMNnent  muflfh  better  than  at  another.  I  perceived  that  loosening  of  the 
retina  must,  at  an  earlier  period,  have  existsd  in  the  right  eye  also,  followed  by 
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aecondary  cataract,  upon  which,  misled  by  the  remaining  peiwpticm  of  i%ht 
his  medical  advi>>t  r.s  had  ojierated — with  what  result,  has  already  be^-n  an?a 
niood  was  imiiu'd lately  abstracted  by  Ileurtt  loup's  method,  rest  in  th«i  hon- 
zontal  position  was  enjoined,  and  derivation  by  the  intestinal  canal  and  lowrr 
extremities  was  prescribed.    The  abstraction  of  blood  was  aguin  fsnVt 
rt  p«  att  d,  and  by  these  means  the  patient  wa>,  able,  after  the  lapse  of  a  w.,~k. 
to  read  satisfactorily ;  the  limitation,  however,  still  continued.     By  citgrt-ta 
he  reaumed  his  place  in  socie^ ;  bluod  is  still  from  time  to  time  abstrftotoi; 
he  leads  a  yeiy  regular  life,  avoida  iatigae,  oTer  exertioii,  vidiB^  in  jettiar 
earriages,  and  travela,  if  neeeeiaiy,  in  the  eanal-boat ;  but  he  oootmnea  t» 
lead  his  price-cnrvent  and  other  more  necessary  matteiB,  and  prefen  not  to  gt< 
out  with  grey  glaiaeiy  beoanie  with  them  he  cannot  lee  by  the  waj."  Thm 
really  exiita  eome  torpor  and  more  limitation  in  weak  light    At  tlie  eadef 
tUL  moncha  the  detachment  has,  by  gravitation,  removed  farther  duwuwids ; 
and  at  the  same  time  the  limitation  has  altered  its  place ;  it  still,  howefw, 
at  the  inside  directly  adjoins  the  fovea  centralis. — After  the  lapse  of  a  year 
reading  is  more  difficult,  and  is  but  little  improved  by  the  emplojiBeBt  of 
artificial  abstraction  of  blood.    Now,  nearly  two  years  after  the  ooctnrecee 
of  detachment  of  the  retina,  distinct  traces  of  cataract  exist ;  motes  in  tht 
vitreous  humour  had  already  been  seen  at  an  earlier  period,  witliout  laotn- 
tion  of  the  retina  having  been  perceptible.    The  progress  of  the  cataract  is 
oertainly  not  to  be  prevented.    When  it  is  fully  developed  our  duty  will  be 
to  try  extraction  (by  preference  with  "Waldau's  spoon),  at  least  if  it  doe» 
not  appear  that  the  detachment  has  extended  much  farther.  We  must,  how- 
ever, at  the  same  time,  give  an  unfavourable  prognosis.    We  can  scarcely 
hope  that  absolute  blindness  can  be  permanently  averted. 


A  defined  detachment  of  the  retina  may  for  a  long  time  remain 
statiouary. 

1 

XII.  Mr.  V.  d.  W.f  aged  23,  has  M  =  ^  in  both  eyes,  with  small,  sharply- 
defined,  completely  atrophic  creaoent.  For  yeara  work  has  been  diffieoH 
to  him,  and  he  did  not  like  hie  apeotacles.  Some  months  ago  his  right  eye 
became  much  worse,  and  he  can  scarcely  reed  with  it.  I  here  find  a  red  opde 

disc  and  a  small,  roundish,  circumscribed,  plaited  and  movable  projectirn 
of  the  retina  of  a  bluish  colour,  with  a  corresponding  limitation.  By  arti- 
Hcial  leeching  to  the  temple,  and  strict  ocular  hygiene,  the  aouteness  of 

Tiaicn  inereaiee  within  a  month  from  ^  to  ^.  In  the  other  eye  it  amoBBti' 

2 

to  rather  mofe  than      I  eameitly  repreaent  to  him  that  it  ia  only  hf  a 

regular  life  and  a  aparing  nee  of  his  eyes,  that  he  can  retain  his  sight.  I 
permit  him  at  most  to  read  four  timea  a-day  for  haXf-an-hoor  each  tunc^ 

which  he  does,  binooularly,  with  glasses  of  —  j^.  The  aame  giaaaea  he  wmj 

wear  peimanently,  auperadding  for  a  moment  for  diitant  viaioii  a  donUeeys- 
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glau  with  glanet  of  ~  ^.  At  the  end  of  two  yean  he  returns:  hisoondi- 

tioa  is  not  altered.  Shortly  afterwards  the  question  is  jut  to  me  bj  parents 
whoee  danghter  he  had  asked  in  marriage,  whether  there  is  danger  of  blind- 
neaa.  Hjr  an8wer>  which  I  stated  that  I  W9nld  give  only  with  the  patient's 
oooaentk  emoanted  to  this :  **  Mr.  d.  W.  is  rather  h%hly  myopio.  In  eon- 
neetion  with  this  nearsightedness  a  defeot  has  arisen  in  the  r^ht  eye,  which, 
if  further  developed,  might  destroy  the  power  of  yision.  It  has,  howerer, 
been  stationary  for  two  years,  and  we  may  hope  that  it  will  very  lung,  per- 
haps tu  old  age,  remain  stationary.  The  left  eye  presents  no  defect  except 
the  nearsightedness;  but  experience  shows  that  with  detachment  of  the 
retina  in  one  eye,  the  other,  when  it  is  equally  nearsighted,  is  not  unfre- 
quently  attacked  by  iho  same  defect.  Considering  the  existing  degree  of 
the  nearsi^rhtedness,  and  its  stationary  character,  it  is,  however,  not  probable 
that,  if  the  directions  given  be  faithfully  followed,  the  left  eye  will  in  this 
ease  become  affected." — Six  months  later  Mr.  y.  d.  W.  presented  to  me  his 
young  wife.  I  once  more  impressed  upon  him  how  neoessary  it  was  that  he 
ehottld  «i  every  respect  take  eare  of  himseUL  Bather  more  than  seyen  years 
li*?e  elapsed  sinoe  that  time,  and  his  atate  ia  in  general  stationary;  the 
myopia,  too,  having  but  vefy  alightly  InorBased. 

He  who,  with  moderate  myopia,  treats  his  eyes  fairly^  has  nothing 
to  fear  at  a  more  advanced  time  of  life. 

XIII.  Mr.  M.,  aged  52,  who  reads  and  writes  much,  has  for  many  years 

used  in  doing  so  speetadee  ef  —  ^  with  which  his  myopia  ia  exactly 

neutralissd.  For  distant  otjeots  his  aonteness  of  vision  is  at  the  same  time 
SB  I.  Hitherto  he  has  also  seen  every  near  otjeot  he  lequired  with  his 
ipectaolss;  it  was  only  when  he  wanted  to  distinguish  anything  when  it 
waa  half-dark,  or  for  which  othera  wonld  need  a  magnifying  glass,  that  he 
put  off  his  spectacles  for  a  ibw  minutes.  Latterly,  he  observes  that  he  in- 
voluntarily raises  his  glasses  to  look  sharply  at  smaller  objects  when  near. 
"  Do  you  still  work  in  the  evening  without  trouble  with  your  spectacles?" 
As  I  expected,  his  answer  was,  "  Only  in  good  light,  and  when  the  print  is 
not  too  small."  "  Then  the  time  is  ai)proacbing,"  I  replied,  "for  diminishing 
the  concavity  of  your  glasses  in  proportion  to  the  degree  of  the  convex 
glasses  which,  at  your  age,  you  would  require,  if  you  were  not  myopio. 

lake,  therefore,  in  the  evening  —     and  soon  glasses  somewhat  weaker, 

and  yon  will  be  content  perhaps  also  to  wear  the  same  glasses  habitnally, 

though  you  will  not  see  distant  objects  quite  so  acutely  as  with  —  ^.  When 

you  are  an  old  man,  you  will  use  two  spectacles,  —      to  work  willi,  uud  — 

to  wear  habitually,  and,  finally,  you  will  road  witliont  spectacles,  and  you  will 
probably,  when  the  aouteness  of  vision  diminishes,  come  even  to  convex 
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glasses:  joar  mjropia  will,  in  faot,  diminish  somewhat,  perhaps  to  Th<^Q 
maj  Jim,  «•  a  mj  old,  Init  tArang  and  healthy  man,  feel  yonxaelf  still 
quite  satisfied  in  wearing  spectades  with  glaaeesof  —  A  or  ~  -J- . 


W%  are  indebted  to  Kepler  for  the  earliest  knowledge  of  the  nstare  of 
myopia.  He  laid  the  fbnndationa  of  dioptriea  in  general,  and  in  psrtienlar 

of  physiological  dioptrics.  The  infloenoe  which  spectacle-glasses  have  exer- 
cised in  this  direotion  ia  extremely  remarkable.  We  have  already  alluded 
to  these  glasses  as  among  the  most  indispensable  instruments  for  man  (p. 

170).    Their  great  iraportance  in  the  history  of  science  was  demonstrated  in 
the  observation  that  they  had  ltd  to  the  invention  both  of  the  microsoope 
and  of  the  telescope.    After  perusing  the  works  of  Kepler,  I  go  still  further, 
and  think  I  may  maintain  that  the  development  of  physiological  dioptriea 
has  proceeded  from  spectacle-glasses.    Alhazen  showed  about  1100  {OjAicfT 
thesaurus :  Basileffi,  1572),  that  the  eye  is  not  the  source  of  ii{$ht,  bat 
that  the  light  proeeeds  from  visible  objeots  and  enten  the  eye.  With 
respeet  to  the  formation  of  piotoioi  in  the  eye,  he  eoneeiYed  wholly  in- 
eorreot  ideas.  It  ia  atiU  atnnger  that  we  must  say  the  same  of  Johannes 
Baptista  Porta,  whe^  althongh  he  eompared  the  eye  with  the  eamera  obaenni 
invented  by  him,  was  of  opinion  that  the  pictures  were  formed  on  the  an- 
terior surface  of  the  lens  (see  his  Mi^fia  NaWiraUsy  1558  (?),  and  hia  work, 
d«  M^firadume,  optt'rm  parte,  libri  novem.  Neap.  1593).  His  contemporary, 
Maurolyous  {Photismi  de  lumine  et  umbr^,  Ven.  1575)  arrived  at  more  cor- 
rect conclusions.    This  writer  comprehends  that  the  crystalline  lens  is  to 
be  compared  with  an  ordinary  convex  lens,  looks  upon  it  as  more  convex 
in  myopes,  flatter  in  presbyopes,  explains  the  action  of  convex  and  concave 
glasses,  but  nevertheless  gives,  in  order  to  avoid  the  inversion  of  the 
images  upon  the  retina,  a  totally  confused  idea  of  the  action  of  the  lens, 
and  makes  the  images  fiill  on  the  plane  of  the  optie  nenre^  without  men- 
tioning the  retina. 

It  was  in  1601,  Kepler  himself  informs  ne,  that  D.  Lodovieos  L.  B.  a 
IHetriohsteitt,  pnt  the  question  to  him,  why  fsrsighted  people  distingniahed 
near  otjeots  better  through  convex  glasses,  while  nearsighted  people  saw 
distant  ohjeots  more  distinctly  with  the  aid  of  concave  glasses.  Kepler 
was  not  acquainted  with  the  work  of  Maurolycus.  The  only  answer 
which  he  was  at  first  able  to  ^,'ive  was,  tliat  convex  glasses  magnified  near 
objects.  But  von  Dietriclisti  in,  not  content  with  that,  rejoined,  that 
the  (juestion  did  not  relate  to  magnitude,  but  to  distinctness  ;  for  that 
concave  glasses,  which  make  objects  smaller  for  all  eyes,  could  otherwise 
assist  no  one.  When,  after  three  years'  study,  Kepler  is  at  length  in  a  posi- 
tion to  give  an  answer:  " icipoiiiiim,*'  he  says,  "si  non  satis olarum  et 
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indabiam,  wtis  oorte  taidam,'*  hta  thankfal  tone  teitite  of  the  etiiniiliis 
whieh  he  had  leoeiTed  from  the  qoeetum  of  the  man  whom  he  calls, 
llaoenatum  raeomm  prnoiimiis.'*  That  aoiwer  we  find  in  his  Paral^Mh 

mena  ad  Vitellionem  qutbus  Astronomtte  pars  opHca  traditurj  etc.,  Franco- 
furti,  1604,  p.  201.    But  we  find  more  here.    It  is  evident,  and  Kepler 
himself  says  it,  that  he  could  not  at  first  answer  the  question  proposed  to 
him,  because  he  had  no  correct  idea  respecting  vision.    Here,  now  for  the 
first  time,  we  find  the  formation  of  inverted  images  upon  the  retina  (some 
years  later  demonstrated  in  the  curious  experiments  of  Scheiner),  contended 
for  upon  good  groundsi  and  explained  by  the  meeting  of  the  rays,  proceed- 
ing from  eaoh  point  ^  the  object,  again,  in  one  point,  upon  tiw  ittuia»  in 
oonaeqiMnoe  of  nfrnetion  hj  the  oomet,  and  eipeoially  by  the  ofystalline 
]«i8.  Kepler  knew  alao,  that  in  order  to  ibnn  a  sharply-defined  image  upon 
the  retina,  theoljeet  muit  be  at  a  given  distanoe  (Piqneitb  XXYIII) ;  and 
with  this  is  conneoted  the  answer  reepeoting  the  notion  of  spectacles,  namely  : 
that, — ^while  in  neani^ted  pevMns  theoones  of  raySydeiiTod  from  each  point 
of  near  objects,  unite  upon  the  retina,  in  farsighted  persons,  on  the  contrary, 
those  derived  from  remote  objects, — the  rays  of  each  cone,  refracted  by  concave 
glasses,  acquire  a  direction  as  if  they  had  proceeded  from  a  near  point,  and 
inversely,  as  if  from  a  more  remote  point,  after  refraction  by  convex  glasses. 
The  explanation,  as  we  see,  leaves  nothing  to  be  desired. — The  Astronomt'o} 
pars  optica  is  called  by  Muntucla  '*  un  ouvrage  plein  d'idees  neuves  et  digne 
d'un  homme  de  g^nie,  mau  dans  lequel  il  ne  faut  pasoheroher  oette  precision 
qui  oaraoteiiBe  eeux  de  aotre  sitele."  Thia  last  oannot  he  said  of  Kepler's 
J)ioptrie$  9eu  JhmtmttnUio  wtntm  qua  m»m  H  vM&ibua  propter  ConspiciUa 
nam  itm  fridmn  Mtoeulo  aeMaU.  Augusts  YindeUeorum,  1611 a  work,  aa 
it  seems,  lees  known,— I  found  it  quoted  neither  by  Montnola  nor  by  FriesUey 
(The  History  and  Present  State  of  Discoveries  relating  to  Vision,  Light,  and 
Colours,  London,  1772),— but  in  whieh  dioptrics,  and  especially  physiologieal 
dioptrics,  are  treated  of  with  ooneiseness  and  clearness.  For  the  first  time  we 
here  find  the  necessity  of  chan^^e  of  form  in  accommodation  demonstrated. 

Ft  is  not  possible,"  thus  runs  Propositio  LXIII,  "  that  the  retina  main- 
taining the  same  position  in  the  eye  should  receive  a  defined  image  both 
from  near  and  from  remote  objects,"  and  after  this  statement  we  read  as 
Propositio  LXIV:  "Some  see  remote  objects  distinctly,  near  objects  con- 
fusedly (presbyopes) ;  others  see  near  objeots  diatinctly,  remote  objeots 
oonfiiiedly  (myopes) ;  others  see  near  and  lemote  dljeots  eonftisedly  (morbid 
oonditions} ;  some,  finally,  see  both  dirtinotly."  Of  these  last  he  says : 
M  Oeulum  et  sanum  habent  moMnn,"  that  is,  they  aoeommodate  for 

diiBnent  distanoes  by  altering  the  form  of  the  eye.  Qui  Tero  alterutia,*' 
thus  he  continues,  "  solum  distinete  vident,  oculum  habent  sanum  quidem, 
sed  jam  indurssoentem,  adsuefaotnm  et  quasi  senilem.''  This  he  applies  both 
to  myopes  and  presbyopes.  He  places  both  in  one  line.  He  has  thus, 
although  himself  myopic,  overlooked  the  accommodation  of  myopes.  Kepler 
developes  his  idea  respecting  the  mode  of  origin  still  more  fully  in  the  fol- 
lowing manner:  He  who  in  youth  practises  himself  for  distance  and  for  near 
objects,  in  old  age,  becomes  presbyopic,  because  practice  diminishes  with 
advancing  years,  and  the  parallel  condition  of  the  visual  ajcei  ia  the  most 
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BAtuml ;  "  but  hB  wlio  is  from  childhood  occupied  with  studj  or  fine  vork, 
speedily  becomes  accustomed  to  the  vision  of  near  objeots,  and  with  tkr 
advance  of  years  this  increases,  so  tliat  remote  objects  are  more  and  mart 
imperfectly  seen."  Thus  in  Kepler's  view  nearsight^ness  onsif-ts^  in  tbt 
condition  of  accommodation  for  near  objects  havin<i:  become  utaJtermble 
through  partial  or  one-sided  practice  (oculus  indurescens,  adsuefactu^  et 
quasi  senilis).  And  what  d  n  s  he  suppose  this  condition  to  be  ?  He  explains 
the  accommodation  by  the  retina  changing  its  place  and  apprDaching  to  csr 
removing  from  the  orjstalline  lens,  and  he  m.ust  therefore  have  BDjipowii 
that  in  myopes  the  retittaVM  it  a  greater  distance  from  the  lens. 

Tbna  w  tibaft  Kapler  looked  upon  myopia  and  pivebyopia  as  op^odu 
oonditioiifv  and  tiiit  waa  in  liia  position  peifeotly  logical,  for  he  adnittedM 
aooommodatioa  in  oifher  stste. 

This  viaon  ol  myopes  w«s  still  IMier  iavertigatod  and  asplaiMd  ly 
Sohsinor  (1626,  see  his  work  anHdad  OmOm},  and  siiliseqii8ntljr»  cspasiallf 
by  Deshsles  (eosipsvs  p.  389  of  this  book).   But  stiU  Ssplar'a  amr  abnfs 
ramainedtor,  if  we  ohooee,  the  hiatus  left  by  him  oontinned :  okasrwosvoi 
not  aware  of  the  accommodation  of  myopes.    It  is  almost  ineompcdMBsihIs 
that,  with  the  diatribotion  of  neutralising  spectacles,  for  whioh  rather  oomet 
diraotions  were  given,  oculists  should  have  overlooked  the  a<KM>mmodatien  in 
young  people ;  but  yet  I  have  not  been  able  to  satisfy  myself  that  any  writer 
of  the  seventeenth  century  directly  mentions  it    It  is  by  llobert  Smith  (set 
the  Author's  Heinarks,  p.  2,  at  the  end  of  his  Couiplete  System  of  Opitet, 
Cambridge,  1738,  vol.  ii.)  that  we  lirst  tind  it  clearly  expressed.  He  not  only 
remarks  that  a  myope  sees  distant  and  near  objects  acutely  through  the  same 
glasses,  but  he  also  shows  that  no  more  accommodation  is  required  for  that 
purpose  than  fur  the  short  range  which  the  myopic  eye  possesses  without 
spectacles. — With  the  demonstration  of  the  accommodation  of  myopes,  the 
opposition  of  myopia  and  presbyopia  should  at  onoe  have  disappeared  (com- 
pare p.  80). 

The  moot  tmportsnt  point  whioh  remaioed  to  be  invistigatad  was  the 
organio  basis,  the  tJSeigtU  anme  of  myopia.  With  respeot  to  this  wra  ind 
asMmg  the  esrlier  writers  no  definits  idea.  Evidantly  tki^didnotattaahdae 
importanostoit  Tksrsfotath^negleoted  to  invastiigste  the  poin^  and  sen- 
tented  thamsslTss  with  ennmersting  all  the  deviation^  wbidi  if  tkay  aastod* 
would  gifs  rise  to  myopia,  but  the  existence  of  whioh  was  not  prowtL  Among 
the  abnormities  more  prominently  mentioned,  we  find  a  thicker  lens,  a  more 
eonvez  oonea,  and  a  longer  tmuiiI  axis ;  altered  coefficient  of  refraction  and 
unusual  position  of  the  lens  are  also  spol^en  of,  and  when  not  mettXy  the  phy* 
sioists,  but  also  the  oculists  began  to  take  part  in  the  discussion,  thickening 
of  the  posterior  surface  of  the  cornea,  increased  co  flicient  of  refraction  of  the 
vitreous  humour  (which  ought  to  produce  precisely  the  contrary),  a  wids 
pupil,  and  even  a  turgor  vitalis  were  added  to  the  list.    Of  all  these  arbi- 
trary opinions  history  has  no  further  notice  to  take.    Only  so  far  as  thev 
were  based  partly  upon  observation,  do  they  deserve  to  be  remembered,  ami 
this  was  not  altogether  wanting.   Thus  Boerhaave  (170S),  in  his  lectures  rfe 
3forbis  Oculorum,  pralectutiws  pubUae,  editio  aiteia,  p.  211,  Gottinga?,  1750, 
published  by  Ualler  from  manuscripts  of  different  hearers,  said  :  "  Jniiuita 
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sunt  in  oculo,  ncc  iinquam  explioanda  quiD  hos  effectus  (myopiam)  facere 
f:>ossunt,  duas  vero  saltern  srepissime  obscrvafas  causas  hie  proponomus,"  and, 
C1.S  such,  he  nanu's  :  \°.  Xi'mia  oruli  lont/itudo  ;  2''.  CornecB  convexitas  tiiinia. 
'Xhese  two  wtre  indeed  more  than  a  mere  optical  fiction.    Deceived  hy  the 
f^reater  depth  of  the  chamber  of  the  eye,  observers  thought  that,  viewed  in 
protile,  they  saw  a  more  convex  cornea  in  myopes.    And  certainly  it  was 
also  a  matter  of  observation  that  in  highly  myopic  individuals  the  eye- 
"balls  are  often  large  and  prominent.  We  hud  this  fact  already  mentioned  by 
much  earlier  writers  than  Boerhaave.  By  others,  following  him,  mentioD  is 
made  eren  of  the  ellipeoidal  figure  {Ji^ur9  '*O0afe"}  of  the  myopic  eye  ( Gmtirmf 
TraUi  dM  MaUuUeB  de9  Tnuf.  Paris,  1770,  tome  ii,  p.  359).  BotstUl  tfait 
oaiiM  was  in  general  not  sniBoiently  put  forward,  and  until  a  few  yeaci 
no  deoided  opinion  whaterer  was  adopted.  Yon  Oraefo  even  aeknow- 
ledgoa  that  previonsly  to  his  examination  of  eyes  with  staphyloma  postienm 
(Arehiv  /.  OpMhaL,  1804,  B.  1.,  H.  1.,  p.  899),  ho  thought  that  the  cause 
of  myopia  was  to  he  sought  in  the  vitreous  humour.    We  notice  also  that 
Mackensiot  in  1830  (A  Pruettcal  Treatise  on  the  Diseases  of  the  Eye,  1st 
Edition,  p.  718),  informs  us,  that  "  pzeternatural  elongation  of  the  eyeball** 
belongs  to  the  "  efficient  causes  of  myopia,**   and  has  even  been  regarded  by 
s€>ine  ao  the  oniy  adnUsmbU  eaute^'  but  I  know  not  who  are  meant  by  these 
§ome. 

Now  we  are  aware  that  it  was  an  advance  when,  putting  aside  other  causes, 
writers  adhered  to  the  increased  length  of  the  visual  axis.    Such  an  elonga- 
tion was  anatomically  first  found  (compare  p.  371)  by  Scarpa  (1801),  in 
two  female  eyes,  and  was  described   by  him  under  the  name  of  sta- 
p/it/loni(i,  because  it  apjjeared  to  be  a  morbt'd  (h'sftntit^n.    This  was  per- 
haps the  reason  why  it  did  nut  occur  to  Scarpa  to  bring  the  deviation 
he  had  established  into  connexion  with  myopia,  for  observers  were 
at  that  time  far  from  sospeotiug  that  an  atrophle  ooDditaoo  was  con- 
noeted  with  myopia.    Subeequcntly,  Yon  Ammon  remarks  (ZeiUehrfft 
/Br  Oj^Uhalmoloffie,  1832),  that  tiw  staphyloma  poetioum  of  Scarpa  is 
not  of  suoh  rare  oooorvenoe  as  had  been  supposed,  and  that  the  dis- 
tention is  usually  gtsatest  at  the  posterior  poler-^^7*  without  seek- 
ing a  eonneodon  with  myopia.   Tbo  litit  wbo  states  that  lie  had  Ibnnd 
in  the  desd  body  the  eye  of  a  nearsighted  penon  pear-shaped,  is  Ritterieh 
(1839);  but  it  was  in  the  disseetionsof  Ark  (1856),  who,  in  various  eyes 
of  myopes,  found  an  evident  elongation  of  the  Tisual  axis,  formed  at  the 
expense  of  the  posterior  wall,  that  the  great  importance  of  this  distention 
with  respect  to  myopia  was  studied  and  penerally  recognised.    To  this  it 
certainly  contributed  much,  that  after  the  invention  of  the  ophthalmoscope, 
the  peculiar  changes  in  the  fundus  oculi  of  myopes  were  discovered  in  diiTerent 
quarters  (von  Oraefe,  loc.  cit.  :  Jaeger,  SitzuTKjshi  t ichte  der  Akadvmiv, 
*27th  Aprd,  1854),  which  changes  were  unmistakably  connected  with  the 
posterior  distention  of  the  bulb.     Von  Ciraefe,  too,  had  even  already 
examined  two  eyes  {Archiv  fur  Ophihalmoloyie,  1854,  B.  I.,  p.  394),  in 
which  the  peculiar  atrophy  ("  sderotico-chorioiditis  posterior*')  was  recognis- 
able with  Uie  ophthalmoscope,  and  where  the  length  of  the  Tisual  axis  waa 
fooad  to  be  29  and  80*8  mnk— Then  the  ^[nestion  aroae,  whether  myopia 
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must  in  every  case  be  attributed  to  elongation  of  the  visual  axis.  In  the 
highest  degrees  of  the  affection  no  doubt  could  exist  upon  this  point.  Von 

OiMfe  forthwith  itetid,  that,  of  thote  who  Med  glaiM  ^ 

to  neutralise  their  myopia,  at  all  events  90°/^  exhibit  the  {)€culiar  ciiange  in 
tho  ftuidiia  oenlL   Othon  oonflrmod  thia  frequent  ooeuneooe,  or  fonnd  it 
indepondentlj  of  Toa  Graefe.  I  wy  mm  evon  thought  that  the  proportioB 
ia  mueh  nearer  to  100*/«.  It  appearod  to  me,  in  ftet,  that,  rare  oaaea  of 
morbid  distention  of  the  eoniea  ezoeptad,  the  atrophie  oroMent  ia  net 
abeent  in  higher  degrees  of  myopia,  and  that  when  in  moderate  dogma 
the  atrophy  maj  in  youth  still  be  wanting,  it  is  developed,  even  with- 
out increase  of  the  myopia,  at  a  more  advanced  time  of  life,  whieh 
leads  to  the  inference,  that  in  these  cases  also  tht-  longer  visual  axis 
was  orif^inally  present.    In  this  way  it  became  very  improbable  that 
cornea  or  lens  had  any  part  in  myopia.     That  the  cornea  has  not,  was 
now  proved  by  numerous  measurf-ments  (compare  p.  89).    That  the  lens 
should  have  it,  or  that  a  particular  form  of  acquired  myopia  (plesiopia) 
should  be  dependent  thereon  (Stellwag  von  Carion,  von  Jaeger),  appears  to 
be  still  Tery  problematieal  (p.  362).  Thna  mueh  is  certain,  that  the  typical 
myopia  depends  upon  dongation  of  the  Tisual  aads.'-AB  to  the  mode  of 
origin,  Ton  0raefe  oonsidered  it  at  first  to  be  the  resnlt  of  distention  by 
infiammatiom.  Stellwag  von  Cation  (ZNs  AeeofmnodaUom^fMer  de§  Amgot, 
Wien,  1856,  in  the  SSttmgAtnchte  der  kais.  j4k«idmu§,  B.  xri),  showed  that 
it  may  depend  upon  a  oongenital  defect  in  form.   The  seocmdaiy  morbid 
changes  were  seen  and  recognised  simultaneously  by  many. — The  position 
of  the  centre  of  motion  in  myopic  eyes  I  determined  with  Dr.  Do^er 
(Conf.  §§  15  and  31). — I  had  previously  seen,  and  brought  into  connexion 
with  the  position  of  the  eyes  (p.  182),  the  change  in  the  direction  of  the 
visual  line  by  displacement  of  the  yellow  spot  (p.  381  j. — The  movements  of 
the  myopic  eye,  and  the  connexion  of  myopia  and  asthenopia  mnsoulans 
were  investigated  by  von  Graefe  {Archiv,  1862) ;  to  the  oonnexiun  of  stra- 
bismus divergens  I  also  gave  some  eontributions  (§31).  Lastly,  the  inves- 
tigation of  the  relatiTe  range  of  aooommodation  in  myopes  was  oommenesd 
under  my  direction  by  Mso-Gillavry  {Over  de  hot^rooiheid  van  het  aeeonmo- 
d«iiit-wrmo^tmf  Utredht,  1868),  was  eontinned  bj  me  and  a^ipllBd  to  the 
indication  for  spectaelss. — Of  the  anatomioal  examination  of  myopic  eysi^ 
to  which  Arlt  and  Ed.  Ton  Jaeger  have  made  important  eontributions,  we 
still  have  great  need. 
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ASTIOMATISM.— As. 

§  33.  "Dsnsmos  of  Astigmatism.  —  Elgula&  and  Irreoulaa 

Astigmatism. 

-AMtTKOPiA,  comprising  the  lesions  of  refraction,  is  resolved,  according 
to  §  6,  into  two  opposite  conditions :  myopia  and  hypermetropia. 
Every  lesion  of  refraction  belongs  to  one  of  these  two.  Sometimes, 
however,  it  happens  that  in  the  several  meddiaiis  of  the  same  eye 
thfi  refraction  is  very  different.  In  one  meridian  the  same  eye 
may  be  emmeferopicy  in  the  other  ametiopic;  in  the  several  meridians 
a  difference  in  the  degree  and  eren  in  the  form  of  ametropia  may 
oocnr. 

The  asymmetry,  on  trhich  this  difference  depends,  is  proper  to  sll 

eyes.  Usually  it  exists  in  so  slight  a  degree,  that  the  acuteness  of 
vision  is  not  essentially  impaired  by  it.  But  exceptionally  it  be- 
comes considerable,  and  occasions  an  aberration  of  the  rays  of  lights 
which  interferes  with  the  sharpness  of  sight. 

This  aberration,  dependent  on  an  asymmetry  of  the  eye,  may  be 
designated  as  asUgmatim.  To  make  it  dear^  we  must  glance  at  the 
aberrations  of  light  in  general. 

Bays  of  light  which,  sufficiently  prolonged,  all  meet  at  one  side 
in  the  same  point,  form  homoeeiUrie*  light :  they  have  a  common 
centre.  The  diverging  light,  emitted  from  a  point  of  any  object,  is 
therefore  homocentric ;  a  bundle  of  parallel  rays,  derived  from  a  point 
situated  at  an  infinite  distance,  is  also  homocentric.  Consequently 
the  rays  of  light,  proceeding  from  any  object,  and  received  by 
the  cornea,  form  cones  of  homooentrie  light.  Only  when  the  laya 
between  the  object  and  the  eye  are  by  some  cause  or  other  more  or 
less  diverted  from  their  course,  do  the  cones  of  light  cease  to  consist 
of  homocentric  light. 

In  general,  we  may  say  that  homocentric  light,  refracted  by  a 
spherical  surface,  continues  homocentric:  that,  namely,  the  rays 
behind  the  refracting  surface  eitlier  unite  again  into  one  point,  or 

*  Liating,  Beitrag  zur  phjfiiologuehen  Oottingen,  1845. 
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proceed  in  a  direedon  as  if  they  all  were  derived  directly  froin  a 

point  situated  before  tlie  refract iiig  surface. 

Tlie  homocentricity  lias,  however,  not  continued  perf«^.  Tbe 
ravf,  in  fact,  are  no  longer  directed  precisely  to  one  ]inint,  but  are 
only  nearly  so.  To  this  deviation  from  homocentricity  the  name  of 
"aberration"  is  giten;  and  we  distinguish  two  aberrations  of 
different  origins  i  the  chromatic  and  the  tpkerieal.  The  first  de- 
pends on  the  nature  of  the  light,  the  spoond  on  the  form  of  the 
refracting  surface. 

Chromatic  aberration  is  the  result  of  a  difference  in  refrangibilitj 
of  the  rays  of  light.  Kays  which  were  originally  parallel  to  the 
axis  of  the  light-refracting  surface,  and  at  the  same  time  at  an 
equal  distance  from  that  axis,  undergo  no  aberration  in  conse- 
quence of  sphericity,  and  should  therefore  remain  directed  exactly  to 
one  point,  if  they  were  all  of  like  nature.  Rays  of  unlike  nature,  on 
the  contrary,  find  their  focus  in  the  axis,  at  different  distanceir  from 
the  refracting  surface,  the  violet  and  blue  rays  at  a  shorteri  the  red 
at  a  longer,  disUmoe. — Hie  dioptric  system  the  eye  also  peoeasarily 
presents  this  chromatic  aberration.  Under  ordinary  circumstance^ 
however,  the  latter  scarcely  interferes  with  the  sharpness  of  vision.* 
I  shall  not  dwell  further  upon  it,  as  it  has  no  essential  connexion 
with  our  subject. 

Rays  of  light  of  equal  length  of  undulation,  and  as  such,  of  equal 
refrangibility,  form  homogeneous  light ;  the  light  is  also  of  similar 
colour,  and  is  therefore  called  mmochramaUe.  If  sudi  rays  fall 
parallel  on  a  spherical  surface,  and  at  the  same  time  at  an  equal  dis- 
tance from  its  axis,  thej  are  refracted  in  an  equal  degree  from  or 
towards  the  axis,  and  thus  continue  directed  to  one  point :  the  homo- 
centricity is  perfect.  But  if,  although  parallel  to  the  axis,  they 
strike  the  surface  at  different  distances  from  the  axis,  they  cea^e  to 
be  directed  exactly  to  one  point:  the  farther  from  the  axis  the? 
strike  the  surface,  the  nearer  to  the  surface  do  they  cut  the  axis. 
This  deviation  is  called  spherical  aberrati^m:  it  is  the  monnchromatie 
aberration  (that  is,  the  aberration  of  rays  of  like  colour)  belonging  to 
refraction  by  a  spherical  surface. 

The  dioptric  system  of  the  eye  also  has  a  monochromatic  abern- 

•  ilelmholtz,  Physiologiache  Optiky  in  AUgemeine  Encyklop<edie  dtr 
PhyaCk,  heraosgegeben  Ton  OostST  Xarsten.   Leipzig,  1856,  1  Lief.  pp.  137 
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tion.  The  latter  is  in  it  even  rather  considerable,  and  is  highljr  com- 
plicatt'd.    For  our  purpose  it  is  to  be  distiui^uished  as — 

a.  Aq  aberration^  whicli  has  reference  to  the  rays  refracted  in  one 
and  the  satne  meridian. 

b.  An  aberration^  dependent  on  the  difference  in  focal  length  of 
the  diffeient  meridians  of  the  light>re&acting  system. 

Hie  first  represents  irregular  astigmatism.  It  is  dependent  chiefly 
on  the  stmeture  of  the  lens,  and  its  leading  phenomenon  is  the 
polyopia  uniocularis.  Morbid  deviations  may  also  produce  irregular 
astiLfinatism.  Of  these  1  shall  speak  in  the  last  section  of  this 
chapter.  The  second  gives  rise  to  rt'ijubir  astigmatism,  which  is 
capable  of  correction.   It  is  the  principal  subject  of  this  chapter. 

The  Rev.  Dr.  Whewell  has,  as  Mackenzie  i^A  Practical  Treatise  on  the 
Discaaes  o  f  the  Eye,  London,  1854,  p.  927)  informs  us,  designated  the  defect, 
described  hy  Airy  as  existinj^  in  his  left  eye,  by  the  name  of  astigmatism. 
This  word  is  derived  from  a  priv.  and  a-riy^a,  from  (m^di,  pnngo,  and 
signifies  that  rays,  derived  from  one  point,  do  not  again  unite  into  one  point. 
The  SBtin  monoohromatio  deTiatkn  in  the  sye  we  may  therefore  oall  astig- 
natisiii,  and  this  meaning  I  hare  given  te  the  term  in  qoesCion.  Whewell 
had  applied  the  name  enly  to  the  regnlar  form.  By  the  word  astigmatism, 
used  without  moie  pteeiae  definition,  legolar  astigmatism  wiU,  in  tiie  seqnel 
of  this  woik,  he  understood. 

{84.  Rboulab  AsnoKATisM  in  thb  Nobxal  Ets. 

If  we  determine  suooessively  the  farthest  point,  at  which  fine 
horizontal  and  fine  vertical  threads  or  stripes  are  acutely  seen,  we 

obtain  unequal  distances.  The  great  majority  of  eyes  discover  a 
shorter  distance  for  liun/uiital  than  for  vertical  stripes. 

A  similar  difference  is  met  with  in  determining  the  nearest  point 
of  distinct  vision.  The  difference  then,  however,  comes  out  too 
great,  because  the  two  determinations  are  not  made  under  similar 
conveigenee,  and  with  greater  oonvergenoe  the  eyes  accommodate 
more  sbongly. 

Two  threads,  which  craas  in  a  plane^  the  one  heing  vertioal  and 
the  other  horisoatal,  are  not  seen  with  equal  aharpness.  If  we  see 
the  horizontal  one  acutely,  the  vertieal  thread,  to  be  distmetly  seen, 

must  be  removed  from  the  eye ;  if  we  accommodate  for  the  vertical, 
tlie  horizontal  must,  in  order  to  obtain  equal  sharpness,  be  brought 
nrarer  to  the  ( vf.  A  similar  ditlerence  is  maintained  with  each 
degree  of  tension  of  accommodation. 
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These  experiments  prove,  that  the  points  of  the  refracting  meriduot 
arc  not  symmetrically  arranged  around  one  axi-*.  The  asymmetry  is  of 
such  a  nature  that  the  focal  distance  is  shorter  in  the  vertiral  meridian 
than  in  the  horizontal.  In  order,  namely,  to  see  a  vertical  stripe 
acutely,  the  njs,  which  in  a  horizontal  plane  diverge  from  each  pcHot 
of  the  line^  nnist  be  brought  to  a  focus  on  the  retina :  it  is  not  nef^ 
sarj  that  those  diverging  in  a  vertical  plane  »hould  also  previoodj 
converge  into  one  pointy  as  the  diffdaon-images  still  existing  in  a 
vertical  diieotion  cover  one  another  on  the  vertical  stripe.  On  the 
other  hand,  In  order  to  see  a  horissontal  stripe  acntel j,  it  is  necesssij 
only  that  the  rays  of  li<;ht  divertring  in  a  vertical  plane  should  nnitein 
one  point  upon  the  retina.  Now  horizontal  stripes  are  acutely  seen,  as 
I  liave  remarked,  at  a  shorter  distance  tlian  vertical  ones :  conse- 
quently rays  situated  in  a  vertical  pUne,  which  are  refracted  in  the 
vertical  meridian  of  the  eje,  are  more  speedily  brought  to  a  focos 
than  those  of  equal  divergence  situated  in  a  horizontal  plane }  and 
the  vertical  meridian^  therefore,  has  a  shorter  focal  distance  than 
the  horiaontal. 

The  correctness  of  this  view  appears  fiirther  from  the  form  of  the 

diffusion-images  of  a  point  of  light.  In  accurate  accommodation  the 
diffusion-spot  is  very  small  and  nearly  round,  while  a  nearer  point 
appears  extended  iu  breadth,  and  a  more  remote  one  seems  to  be 
extended  in  height. 

The  signification  of  this  phenomenon  must  be  clearly  understood, 
and  appears,  therefore,  to  demand  more  particular  explanation. 

Let  US  suppose  the  total  deviation  of  light  in  the  eje  to  be  pio- 
dnced  by  a  single  convex  refracting  sor&ce^  with  the  ahortest  radius 
of  cnrvatttie  in  the  vertical,  and  the  longest  in  the  horiiontal  men* 
dian.  These  two  are  then  the  principal  meridians.  Through  a  cential 
round  opening.  Fig.  150,  v  v'  h  //',  let  a  cone  of  rays,  proceeding 

from  a  point  situated  in  the  prolongation 
Fig.  150.  ^j-  ^1^^  j^^jg     vision,  fall  upon  this  surface  ; 

of  this  cone  let  us  consider  only  the  rays, 
situated  in  the  vertical  plane  r  p',  and  the 
rays  situated  in  the  hoiisontal  plane  k  i', 
whereof  respectivelj  the  points  v  ff  and  i  K 
are  the  most  extomal.  After  the  refrac- 
tion both  approach  the  visual  axis  (whidi 
perpendicular  to  the  plane  of  the  drawing 
passes  through  a),  r  v'  docs  so,  however, 
more  rapidly  than  kU.     Before  union  they  therefore  lie,  in  the 
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ellipse  A,  as  in  Fig.  151,  and  where  v  v'  meet  in  one  point  B, 
A  k  have  not  jet  cpme  to  a  focus.    Thereupon  we  now  fiud  in 

Fig.  151, 


sQoceaoian  v  tt  already  intersected,  h  k'  approached  to  one  another, 
C,  D,  and  Bj  further,  h  h'  united  in  one  point,  and  v'  v  after  inter- 
section more  widely  separated,  T;  Hiially,  both  intersected,  G.  The 
focus  oft;  v'  therefore  lies  most  anteriorly,  that  of  A  A'  most  posteriorly, 
in  the  axis.  The  space  between  these  two  points,  where  rays  of  diiferent 
meridians  intersect,  maj  be  ceiled  focal  interval  (itUervaiie /oeal,  or 
Brennslrecke  of  Sturm) t 

Ifrom  the  above  figqres  it  ia  now  evident^  wbat  pucpeaaive  forma 
the  section  of  the  cone  of  light  will  exhibit*  In  Ae  middle  of 
the  focal  interval,  P,  it  will  b^  nearly  rouud,  and  anteriorly  through 
oblate  ellipses,  C,  with  increasing  eccentricity,  it  will  pass  iqto  a  hori- 
zontal line,  B  i  posteriorly  through  prolate  ellipses,  E,  it  will  come 
to  form  a  vertical  line,  F,  while  before  tlie  focal  interval  d,  larger  oblate 
ellipse.  A,  and  behind  it,  a  larger  prolate  ellipse,  Q,  will  be  found. 

To  this,  as  we  have  seen,  the  diffuaion-imagea  of  the  eye  in  general 
correspond.  They  thus  find  their  explanation,  when  the  dioptric 
system  of  the  eye  ia  considered  as  a  aii^^le  refracting  snrfiice^  with  a 
difference  of  radios  of  cnryatqre  in  its  sevenil  meridians,  and  it  will 
more  folly  appear  that  we  are  justified  in  so  conridering  it 

Moreover^  through  the  form  of  the  diffusion-images,  in  refraction 
by  such  a  surface,  what  I  have  stated  respecting  the  difference  in  the 
ihstance  of  distinct  vision  of  stripes  of  dillVrent  direction  is  fully 
ex{)lained.  Horizontal  and  vertical  stripes,  namely,  are  acutely  seen, 
when  the  dill'usion-i mages  of  all  the  points  of  the  stripe  form  respec- 
tively horizontal  and  vertical  lines,  which  cover  one  another  in  the 
stripe ;  aud  this  will  be  the  case  when  the  beginning  and  the  end 
of  the  focal  interval  correspond  respectively  to  the  percipient 
aurfoce  of  the  retina. 
)  To  make  the  description  easier,  we  have  thus  far  assumed  that  the 

maximum  of  curvature  coincides  with  the  vertical,  the  minimum  with 
the  horizontal  meridian.  And  the  rule  in  fact  is,  that  they  nearly 
do  so.    But  to  this  rule  there  are  numerous  exceptions.   Not  uufre-  ^ 
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queatljr  the  deviatiou  from  the  ordinary  direction  ia  very  considenUe ; 
and  it  even  occurs  that  the  maximiun  of  coiratnre  coincides  nearir 
with  the  horizontal,  the  minimnm  with  the  vertical  meridisn.  So 
Thomas  Toiui|^  the  discoverer  of  astigmatism,  found  it  in  his  own 
eye,  and  I  too  have  met  with  some  cases  of  this  nature. 

In  general  there  is  no  difficulty  in  determining  the  direction  of  tbe 
principal  meridians  (those  of  tlie  maximum  and  mini  mum  ol"  curva- 
ture). The  mode  of  doing  so  is  included  la 
the  experiments  above  described,  in  proof  of 
the  existence  of  astigmatism.  Were  we 
so  perfectly  conscious  of  onr  aoooinniodsr 
tion  that  we  could  accurately  state,  whsK 
lines  in  the  annexed  figure  are  seen  quite 
shaiply  at  the  maximum,  and  what  at  the 
minimum  of  augmented  tension,  the  direc- 
tions of  the  niaxiujum  and  minimum  of  cur- 
vature would  at  the  same  time  be  known.  That  consciousness 
is,  however,  seldom  very  accurate. 

A  more  certain  mode  of  determioation  is  supplied  by  the  direction 
in  which  the  diffusion-images  of  a  point  of  light  appear  extended  on 
this,  and  on  that  side  of  the  distance  of  distinct  vision.  With  the 
head  perpendicular,  the  eye  brought  by  glasses  to  a  state  of  myopia  of 

about  ^  let  a  point  of  light  (for  example,  a  very  small  opening  in  a 

black  plate,  turned  towards  the  sky  or  towards  the  i;Iobe  uf  a  lamp) 
be  brought  in  a  horizontal  plane  successively  #^or^  of  nud  fjctjomJ  the 
distance  of  distinct  vision  :  it  will  exhibit  itself  in  these  two  posi- 
tions elongated  in  opposite  directions,  the  longest  dimension 
corresponding  in  the  first  position  to  the  direction  of  the  minimum 
of  curvature,  that  in  the  second,  to  the  direction  of  the  mayi'mwtiy  of 
curvature. 

The  result  is  often  surprising  when  the  eye,  made  slightlj  myopic 
for  example      y  ^7  ^        (whose  axis  must  coincide  with  the 

visual  axi.s),  is  made  to  look  towards  a  remote  point  of  light  (a 
small  rouud  opening  in  a  black  screen  turned  towards  the  light), 

and  a  negative  glass  ^  for  example  < —        ^  altematelj  held  before 

the  eye  and  taken  away.   The  difiusion-image  then  is  extended  in 

each  time  two  opposite  directions — with  the  addition  of  — 
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meridian  of  the  mmlmnm  of  coivatiirey  without  this  addition  in  that 
of  the  maximnm  of  cunrataie.  Bj  quickly  pushing  the  gkss  to  and 
fiOj  the  two  images  are  (in  consequence  of  the  persistence  of  the 

impressions)  persistently  and  siiuultaueously  seen,  aud  iu  some  theu 
exhibit  the  form  of  a  cross. 

The  estimation  of  the  direction  may  sometimes  be  doubt  fid  in 
the  experiment  just  described,  when  tlie  irregular  astigmatism  is 
extraordinarily  developed,  and  the  diffasion»images  are  consequently 
liighly  complicated.    We  theUj  however^  attain  certainty  by  giving 

tu  a  weak  cyliudrical  glassj  for  ordinary  cases  of       such  a  direction 

ou 

that  letters  or  other  small  figures  are  most  acutely  seen ;  in  the 
most  advantageous  position  we  obtain  only  the  difference  oi  the  astig- 
matic elfecls  of  the  cybiidiical  lens  and  of  the  eye  ;  iu  the  most  dis- 
advanla<^eous,  on  the  contrary,  we  obtain  the  mim.  The  glat^s  is 
placed  witli  its  axis  directed  vertically,  in  a  ring,  which  turns  in  a 
second  ring  iixed  on  a  plate :  on  this  plate  the  position  of  the 
axis  chosen  can  be  read  oti'  in  degrees.  By  this  experiment  we  can 
satisfy  any  one  that  his  eye  is  not  free  from  astigmatism :  if  it 
were  8o>  the  vision  of  compound  figures  would  be  interfered  with 
equally  in  every  position  of  tiie  axis.  But  this  is  by  no  means  the 
case :  most  people  even  find  an  improvement  of  vision  when  a  cer- 
tain direction  is  given  to  the  glass. 

The  cause  of  regular  astigmatism  is  to  be  sought  partly  in  the 
cornea,  l^umerous  measurements  have  shown,  that  the  cornea  iu  its 
several  meridians  has  a  different  radius  of  curvature  ;  and  what  holds 
good  for  the  dioptrio  system  of  the  whole  eye,  namely,  that  the  maxi 
mum  of  curvature  usually  lies  closer  to  the  vertical  meridian  than  to 
the  horizontal,  is  equally  applicable  to  the  cornea,  taken  by  itself.  It 
is  thus  estabiuhed,  iu  the  first  place,  that  the  cornea  on  account  of 
its  form  produces  astigmatism  ;  in  the  second  place,  that  even  if  the 
crystaUiue  lens  has  an  iullucnce,  the  direction  given  to  it  by  the 
coniea  in  general  preponderates. 

On  the  lens  depends  irregular  astigmatism;  to  it  ])olyopia  uui- 
ocularis,  to  it  the  rays  of  the  dillusion-imagea  of  a  point  of  light  owe 
their  origin.  The  direct  proof  of  this  is  furnislicd  bv  the  fact,  that 
in  the  condition  of  aphakia,  when  the  lens  is  wholly  absent  from  the 
eye,  all  these  phenomena  of  irregular  astigmatism  are  removed.  In 
nuroerons  cases  I  have  satisfied  myself  of  this.  The  boundaries  of  the 
(ocal  space,  and  the  transition-forms  of  the  diffusion-image  (Fig. 
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151)  are,  when  aphakia  exists,  exhibited  with  an  accuracT  and 
definitioiiy  which  satiafj  the  most  rigid  leqoixeiDeiiis  of  ik 
theoiy. 

HoweYer,  the  oyrtaUine  lens  modifies  alao  regular  waidgaui&m, 
whether  in  Tirtne  of  the  form  of  its  surfrces,  or  through  oUfK 

position.  Therefore  the  regular  astigiiiatiam  of  the  whole  sjsta 
corresponds  exactly  neither  in  direction  nor  in  decree  to  the  fone 
of  the  cornea. 

Asiigiiiatisni,  the  result  of  a  positive  cylindrical  leus,  ruav  ber^ 
moved  by  a  second  of  equal  focal  distance,  either  bv  a  D^alive, 
whose  axis  is  parallel  to  the  first,  or  by  a  positive,  whose  axis 
stands  perpendicular  to  that  of  the  first.  Thus,  also,  the  asdgmadso 
of  the  eye  may  be  corrected  by  a  cylindrical  lens ;  and,  according  to 
the  principle  hud  down  in  §  6,  for  the  determination  of  the  d^ree  of 
anomalieB  of  lefraotion,  the  fooal  distance  of  the  cylindiical  k» 
required  for  this  purpose  defines  the  degree  of  the  nstigniatiam :  it 
is  inversely  proportionste  to  the  focal  distance  of  the  oorrecting  km, 
expressed  in  Pari^iiau  inches. 

So  long  as  astigmatism  does  not  essentially  diminish  the  acuteues? 
of  vision,  mq  pj^l  it  nj^rmalf    It  is  abnormal  so  soon  as  disturbance 

occuis.   If  it  amounts  to      or  more,  it  mast  he  oonaiderDd  as 

abnormaL  The  reason  that  Dr.  Knapp  found  no  disturbance  widi 
higher  degrees  would  appear  to  be,  that  he  deduced  the  degree  fttm 
the  detenninaiion  of  the  neaiest  points,  wherebj  too  high  values  are 
obtained  (see  p.  451). 

Th»  asymoetij  of  the  dioptric  system  of  the  eye  was  first  oheerved  hf 
Thomas  Toong  {PhOotajMeal  J)rttm§acii9n$  for  1793,  toL  IxzxiiL,  p.  ISt, 
and  MisceOaneoMB  Workt  of  the  late  Thomas  Young,  edited  by  Peseoek, 
London,  1855,  vol.  i.,  p.  26),  in  his  own  person.  l*he  distinguished  iiatoiel 
philosopher,  whose  brilliant  merits  in  the  domain  of  ^ysiological  optics 
were  first  duly  estimated  by  Helmboltz,  was  himself  nearsighted.  In  relax- 
ation of  the  eye,  consequeutly  in  determination  of  the  farthest  point,  he  saw 
in  his  optometer,  held  in  a  horizontal  position,  the  double  images  of  the 
thread  intersect  one  another  at  seven  inches  from  the  eye,  on  the  eontniry  at 
ten  inches,  when  in  a  vertioal  position.    This  indicates,  on  reducing  the 

KngKih  to  Parisian  indheib  an  aetigmatiam  of  about  ^ ;  and  it  ie  therefon 

strange  that  Young,  as  he  himeelf  lemarhe,  had  czperieneed  no  dietorbanee 
from  it.  Ihe  oftieian  Oaiy,  to  whom  Toong  eommnnieated  his  dleooroyf 
elated  to  Urn  that  he  had  before  often  found  that  neai^^itad  poofledk* 
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tiligniihed  oljeete  nmcli  more  aoately,  wIiaii  the  gkaies  niitad  to  them 
irete  held  in  a  pertioiUar  oUiqne  difeotion  before  the  eye :  now  by  this 
mwuenTfe,  at  least  when  stnog  glasses  are  neoesaary,  a  eertain  degree  of 

astigmatism  may  be  corrected. — Toong,  too,  had  already  stadied  and  de- 
lineated the  form  of  the  dift'tision-spots.  The  soqrcc  of  astigmatism  he 
sought  in  the  crystalline  lens,  because  it  continued  when  he  plunged  his 
cornea  into  water,  and  replaced  its  action  by  that  of  a  convex  lens.  He 
uow  assumed  an  oblique  position  of  the  crystalline  lens  as  the  cause, 
and  even  thought  tbat  from  tlie  dillusiou-images  ot  a  point  of  light  it  might 
be  deduced,  that  the  two  surfaces  of  his  lens  were  not  centred. — In  a  double 
point  of  view,  therefore,  Young's  eye  presented  an  exception  :  the  refraction 
was  stronger  in  the  horizontal  than  in  the  vertical  meridian,  and  the  cause 
lay  principally  in  the  lens. 

Fiek  {ZmUehrift /.  MMdn,  N.  F.  YI ,  p.  83.;  found  in  himself  an 

astigmatism  of       ;  Helmholts  {PhytioL  Optik,  I,  c„  p.  145.)  of 

Broeeke^  as  I  believe,  oonld  not  obeerre  anything  of  the  kind.  In  my  right 


eye  it  amounts  to      ,  in  my  left  to  J- . 

lUO  w 


Sharp  eyes  have  generally  not  more 


I 


1 


than  from       to         If  it  amounts  to  more,  the  power  of  vision  will 


Fig.  103. 


be  under  some  circumstances  (coftpare  the  following  §)  already  disturbed. 

The  theory  of  refraction  by  asymmetrical  surfaces  was  developed  many 
years  a^^o  by  Sturm  (Comptcs  rendiis  de  r Acadhnie  dcs  Scienct-s  de  Paris, 
X.  XX.,  pp.  654,  761,  12:38,  and  Poggendorlf  a  Annalen  IJ.  65.  116.  Compare 
Fiok,  Medtz.  Phyitik,  p.  327,  whence  the  accompanying  figure  is  borrowed). 
He  riiowed  that  when  a  homooentrio  bundle  of  light  falls  on  a  very  smell 
dronlarly-deftned  portion  (Fig.  193,  o)  of  a  eonvex  asym- 
metrioal  snrfoee,  after  the  refraetaon  it  no  longer  oontinnes 
homocentrie,  but  that  the  refraeted  fasoionlus  of  rays 
fimns  a  certain  skew  surface  (surfaoe  gauche),  which, 
except  through  the  small  opening  o,  is  bounded  by 
two  right  lines  A  h'  and  v't  intersecting  in  the  space,  and 
which  do  not  lie  in  the  same  plane  :  if  h  h'  be  supposed 
to  be  in  the  plane  of  the  tigure,  v  v'  is  to  be  considered 
as  the  projtction  of  a  perpendicular  line  standing  on  the 
same.  The  space  between  h  h  and  v  v  is  the  local  inter- 
val of  Sturm. 

I  have  above  remarked,  that  the  forms  of  the  diffusion- 
ioMges  of  the  dioptrio  system  of  the  eye  in  general  oorre- 
spond  to  what  the  foregoing  theory  would  require,  exeept- 
ing  peottliar  oomplieations.  It  needs  to  be  further  investi- 
gated in  what  the  asymmetry  of  the  system  oonusts. 

In  the  first  plao^,  then,  the  eomea  is  asymmetrical.  It 
may,  as  numerous  measurements  prove,  be  considered  as 
the  top  esgment  of  an  ellipsoid  with  three  unequal  axes.  The 
long  axis  corresponds  to  the  visual  sxis ;  the  two  short 
axes  lie  in  general  nearly  horizontally  and  vertically.  All 
meridional  sections,  carried  through  the  long  axis,  are  nearly  eliipsesi 
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but  of  uM^wl  eooMtrittij  Mid  of  vnoqiMl  mdiM  of  oomtnio  (eoil 
Xaapp,  k  e,),  Tho  msiinuM  and  iwiwiBMB  of  radius  of  eunratuio  eon»> 
•pond  to  the  priooipol  Motiooi  wluoh  tio  carried  thmigli  tho  long  axis  aad 
one  of  the  short  axes,  the  maxiinmn  QStiftUy  ootfoo^oading  to  tho  boti' 

lontal,  the  minimum  to  the  vertical  principal  sectioo.    Now,  to  sach  an 

elliptoid  the  theory  of  2Sturm  is  applicable.  That  a  focal  space  tlius  ariaes, 
and  what  form  it*  j>erpeudicular  sccti oas  have,  is  above  conspicuously  repre- 
tei  iiU'd  (Fif^.  151).  1  thiuk  It  necessary  lic-ro  to  introduce  a  fulk  r  oxplana- 
tiuu,  ^ilt^r  lie|i)iholl;E,    In  Fi^.  1^1,  let  the  line  ^  ^  be  to^  aj^i»  uf  the 

fig. 


 ' — fnr — ^  

i 

'J 

y 

— « — 

ellipsoid,  in  the  prolonj^alion  of  which  at  />  is  the  point  of  lijfht.  Let  the 
plane  of  the  diagram  be  a  principal  sectio*  of  the  ellipsoid,  so  that  a  Mtcimd 
tix\>  1/  h  lies  in  this  plane.  The  normals  of  all  points  of  au  ellipsoidal  pian«, 
which  are  met  by  a  principal  ieeHon,  lie  likewise  in  the  principal  seetioii 
of  tbo  oUipaoid.  And  m  a  refraoted  ray  romaint  in  the  plane,  in  whieli  it 
lay  with  die  normal,  to  rays,  incident  in  a  prinolfial  aeetion,  alao  ranuia 
after  refraolion,  in  tho  prinoipal  leotion.  When  therefore  a  ray  fnm  p 
falls  upon  the  point  o,  the  refracted  ray  remains  in  the  plane  of  the  diagram 
(in  which  the  ray  and  the  plumbline  d  a  lie),  and  cuts  the  axis  b  </  in  one  of 
its  points  g.  The  refraoted  ray  is  thereby  more  aoeurately  dcAned  throqgb 
the  condition  that 

sin  a  c  q  must  be  as  n  sin  j)  c  d, 
wherein  n  signifies  tlie  coeflifieiit  of  refraction.  This  condition  is  the  same 
as  for  synimeliical  or  rotation  surfaces.  The  aliuost  perpendicular  ray* 
incident  at  h  have  therefore  a  common  foous  in  the  ajcis,  whose  distance 
depends  on  the  radius  of  oorvature,  r,  of  the  eurved  line  ioAlnA.  It  p  Met 
at  an  infinite  distance,  the  posterior  focal  length  for  the  given  prineipal 
section  is 


The  raya  which,  proceeding  ftom     run  in  the  oth«r  prineipal  sectioD, 

whioh  is  determined  hy  h  q  and  the  third  axis,  are  In  all  respects  similarly 
related ;  only  the  radius  of  cuivature  in  the  top  of  the  plane  has  another 
value  r't  and  the  focal  distance  in  thii)  second  principal  section  is 

n  r* 

The  ray  p  q  i»  therefore  cut  by  the  rays,  which  in  the  plane  of  the  dia- 
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D 


V 

I 


Jl 


2r 


taught,  contained  in  a  bkew  surface,  and  hence  3 
it  is  to  be  deduced  that  all  the  rays  refracted  in 
the  different  meridians  cut  one  another  in  tho 
two  intersecting  lines,  bounding  the  beginning 
and  end  of  the  focal  interval,  and  that  the  above- 
deaoribed  tranritioii4bniit  of  the  aeotions  of  tho  ^ 
bundle  of  light  are  found  in  the  foeal  intorvaL 
In  a  recently  publiihed  essay,  Dr.  J.  H.  Knapp 
{^Arthibo  /.  OfiMkaUmAogit^  B.  yiii.  Abth.  2« 
p.  108),  led  by  a  remark  of  Professor  Circhhoif,  ^  > 
that  by  simple  analytical  geometry  of  spaoe  ire  g 
can  proTe,that  abandleof  rays  refracted  by  as}  m- 
metrically  curved  surfaces,  must  pass  through 
two  right  lines,  has  mathematically  determined 
the  form  of  the  whole  reiraoted  bundle  of 


VJ 


V 


V 


Snun  border  immediately  upon  it»  in  ftpoint,  for  eiample  in  9 1  on  tha  eon* 

^rary,  by  the  rays  borderin|(  thereon  in  a  plane 
siituat*  perpendicularly  to  the  plane  of  the  dia-  l?ig- 
^raru,  not  in  the  ^aine  point  ^,  bat  in  anoiher  V  ., 

point,  for  example,  in  «. 

It  is  now  evident,  that,  in  the  point  r/  of  tho 
a^iu,  the  rayii,  lying  in  a  plane,  perpendicular  10 
the  diagram,  have  still  a  linear  extension  in  that 
plane ;  that,  oil  tiie  other  hand,  the  rays,  lying 
in  the  plane  of  the  diagram  and  uniting  in  ^,  ^ 
baying  arrived  at  the  point «  of  the  axis,  have  ^ 
again  ao^uired  a  linear  extension :  in  ^  and  a 
therefore  lie  the  limits  of  the  focal  interval.  —  4** 
From  the  representation  above  given,  all  this 
may  have  been  already  ascertained.    But  now, 
for  the  first  time  becomes  evident,  what  was  ^ 
above  designedly  left  out  of  view,  that  in  this 
consideration  only  the  ruys,  coincident  with  the 
two  principal  sections  of  the  tri-axial  ellipsoids, 
are  included.  For  only  in  lluse  principal  sections 
do  the  normals  pass  througli  tho  principal  axis;  ^ 
in  all  other  meridional  sections  the  normals  do 
not  intersect  the  axis,  consequently  the  incident 
rays  are  not  refracted  in  a  plane,  in  which  the 
prindpal  a^  lies,  and  the  rays  therefore  do 

not  intersect  in  a  point  of  the  axis.— Hence  it  B      r        i^  _  ^« 

appears,  that  we  cannot  assume  that  in  the  focal 
interval  a  series  of  foci  should  lie  on  the  axis. 

This  obtains  only  for  the  beginning  and  end 
of  this  interval.    The  fasciculus  is,  as  Sturm 


DC 


rays. 


J> 


The  form  of  the  cornea  leads  us  to  expect,  that  W' 
it  in  itself  must  produce  an  asliguiatism,  completely  agreeing  with  that  here 
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deiioribed.  This  I  have,  on  inveatigalion,  found  confirmed .    For  ibis  paT|KMe 
I  ha?e  choson  oates  in  whioh,  in  congenital  cataract,  the  lena  Jbad  hm 
•btorlisd  ftftor  i«n«ioiis  pimetiiiw  (ao  that  the  qaeetkia  of  mm  mktmmUm^ 
form  of  tlioooniMiiiMDteqiuiiooof  opentum  ooqld  not  be  etitewtmimii),ai 
mhsn  the  pupil  hedieniaiiied  quitoroiuid.  Withonfc  ezeeption,  the  limiiMf  40 
fooel  inteml  were  bj  theae  eyae  quite  eoeontelydef&oed  mm  fine  Umm,  tai 
the  ohaogea  of  form  of  the  diffusion-images  were  also  given^  mgreeaMj  ti 
the  theorj.  From  the  direotion  of  the  linee  bounding  the  focal  interval  ^ 
maximum  and  minimum  of  curvature  of  the  comiawere  imniediatelj  dcrfa> 
oible.    Fig.  155  indicates  the  directiun  fuuud  in  casts  of  aphaJua  in  yomsz 
subjects  ;  1)  represents  a  ri^'ht,  S  a  left  eye  ;  h  h'  is  the  diffuaion-ima^e  ti 
the  anterior,  r  c'  at  t:ie  posterior  boundary  of  tho  focal  int<?rval.     It  b'Ect 
appears  that  <mly  oiiuo  (IX)  was  the  radius  of  curvature  i^rt-ater  in  tb* 
vertical  nieridiuu  thuu  that  in  the  liuriaontal,  once,  while  h  h   and  r  r  h^^'l 
form  au  angle  of  about  45^,  nearly  equal  to  it  (VI 11.},  and  lix^it  ix 
the  seven  other  oaaes  the  Tertioal  meridian  OTidently  had   a  ahortv 
radioa  of  cnrveturet  end  four  timei  even  neeriy  eoineided  witb  tbe  ahart- 
eat. 

To  aaimiUr  leaolt  did  the  zndii  of  ourvaUue  of  the  eoniea  in  a 
tel  and  in  a  Tertioal  plane,  earned  through  the  line  of  Tisioii, 
with  the  aid  of  the  ophthalmometer,  lead.    The  following  Table  aaj  ht 
oonaulted:^ 


Ohienrere. 

hor.  tad. 

vert  tad. 

P'hor. 

F'Tertie. 

1  .1, 

mm. 

mm. 

In  Faiiaian  iaohes. 

 ~                             ■  V 

1 

7-74 

7-74 

113;->6 

M3d6 

2 

8-20 

812 

1*2081 

1*1914 

88 

3 

831 

819 

1*2237 

1-2107 

85 

4 

7-23 

7-23 

1  '0fi()8 

1  0608 

00 

8-27 

8-30 

1-2134 

1-2178 

—  250 

6  = 

7-73 

7-69 

1*1842 

1*1283 

160 

7 

815 

7-94 

11958 

1«1650 

34 

8  S 

808 

7-81 

11856 

M457 

29 

9    «  \ 

8  02 

7-92 

I  17G7 

11 626 

76 

10 

7-42 

7  30 

10S87 

10711 

50 

11  t 

7*49 

7-51 

1-0987 

1*1019 

—  280 

12 

7-49 

7-15 

1  0987 

1  0931 

160 

13 

7-8 1 

7-46 

11 503 

10916 

16  f» 

14 

7-75 

7-33 

11371 

1  -0755 

119 

15 

7-60 

7-53 

11151 

11048 

89 

16 

7*55 

7-60 

1*1078 

1*1161 

—  127 

'«  . 

7-80 

7-91 

11U5 

11605 

—  62 

J"  §: 

807 

8  26 

11840 

1  2120 

—  40 

7-23 

7-385 

1  0608 

1-0835 

—  38 

*S  «  (i 

7-22 

7-08 

1  0593 

1*0388 

40 

7-74 

7-71 

1.1366 

M31S 

220 

In  the  aeeond  oolumn  the  radii  of  ooriratare  fonnd  for  the 
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third  those  found  for  the  vertical  plane,  are  indioatedi  expressed  inmin.| 
in  the  fourth  and  fifth  oolnmns  the  posterior  focal  distances,  F',  of  the  oomea 
in  the  two  planes  are  oontained,  oaloalated  aooording  to  the  formnla 

H  —  1 

n  being  aaanmed  l-336c).  They  m  expreesed  in  Parisian  inohea,  and 
thenoe,  aooording  to  the  formula 

the  focal  distmce  is  calculated  of  a  cylindrical  lens  wliiVli,  applied  to  the 
horizontal  meridian,  should  in  this  make  tlje  posterior  focus  coincide  with 
the  focus  for  the  vertical  meridian.  In  this  formula,  V  (=  F"  :  «)  is  the 
anterior  focal  distance  of  the  cornea  in  the  horizontal  plane, the  posterior 
focal  distance  in  tlie  vertical  plane,  f  the  distance  from  the  plane  of  the 
cornea  to  a  point  in  the  axis,  to  which  the  rays  in  a  horizontal  plane  roust 
be  direeted,  to  fiad  their  point  of  union  in  the  foens  of  the  Tertioal  surfaee. 
If  the  radins  of  earratore  in  the  horizontal  plane  be  greater  than  in  the 
▼ertieal,  then  is  <  F',  and  oonseqnentljr  f  is  negative,  whieh  signlfiea 
that  the  rays  nrast  oooTerge  towards  a  point,  situated  behind  the  oomea, 
and  that  the  eylindrical  lens  must  therefore  be  a  poflitive  one<  If  the 
radius  of  curvature  be  greater  in  the  vertical  pUme,  the  reverse  is  the  caae, 
and  the  eylindiieal  lens  must  in  this  instance  be  n^;ative.  Therefore  it'  f 
be  negative,  a  positive  lens  is  necessary,  and  nee  vers/i.  The  negative 
sign  is  placed  in  the  Table,  where  a  negative  lens  was  necessary.  Moreover, 
wo  find  on  calculation  that  (the  lens  being  supposed  to  be  iiaraediately  at 
the  cornea)  a  nejjative  lens,  which  shall  alter  the  focal  distance  of  the 
strongest  curvature  into  that  of  the  weakest,  must  have  the  same  focal  dis- 
tance as  a  positive  lens,  which  can  do  the  opposite. 

From  the  Table  it  appears  in  the  first  place,  that  among  the  fifteen  oases 
examined  by  ns,  only  three  times  was  a  shorter  radios  fonnd  in  the  hori- 
xontal  plane  than  in  the  vertical,  and  that  each  time  the  diffisrenoe  was 
extremely  slight  Among  the  five  cases  of  Snapp  (the  last  five),  on  the 
contrary,  it  happens  that  not  less  than  three  oecnr,  in  whioh  the  horixontal 
plane  hss  a  shorter  radius  of  curvature  than  the  vertical. 

In  general  the  calculated  astigmatism  is  alight  At  the  same  time  it  is 
also  to  be  obeerved,  that  No.  14,  .with  an  astigmatism  of  the  cornea  of 

had  considerably  diminished  sharpness  of  vision,  capable  of  improve- 
ment by  a  cylindrical  glass,  and  that  this  probably  was  the  case  also  with 
some  others.  No.  Hi,  the  h  tt  eye  of  the  saujo  person  to  whom  No.  14 
belongs,  is  an  eye  in  which,  with  much  astigmatism  of  the  oomea,  the  whole 
system  (on  aocount  of  compensatbn  by  the  lens)  exhibited  only  a  slight 
degree,  which  did  not  interfere  with  the  aontenesa  of  vision. 

I  have  not  endcavonred  in  these  cases  to  oompaie  the  astigmatism  for 
esoh  eye  in  partioolar,  proceeding  from  the  oomea,  with  the  total  astig- 
matism of  the  dioptrio  system.  No  useful  result  was  to  be  expected  from 
doing  so.  In  order,  in  fact,  to  be  able  to  caloolate  what  astigmatism  the 
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crystalline  lens  possesses,  the  direction  and  degree  of  astigmatism  for  tb« 
whole  system,  and  for  the  cornea  the  radii  of  curvature  in  its  <Lrtt, 
and  indeed  in  the  meridinns  of  marimum  and  minimum,  must  have 
been  known.  Now  we  may  admit  that  the  radii  of  curvature  in  the 
visual  line  deviate  little  from  those  in  the  axis  of  the  cornea,  and  the  prin- 
cipal meridians  usually  approach  to  the  horizontal  and  vertical  directions, 
so  that,  in  general,  from  the  measureroenta  made  it  can  be  estimated,  hov 
much  astigmatism  proceeds  from  the  asymmetry  of  the  cornea  ;  but  still  I 
considered  the  deviation  too  great  to  allow  of  our  determining  the  nlit/ht  as- 
tigmatism of  the  crystalline  lens  (as  difference  between  the  total  and  that 
found  fer  the  cornea)  6y  simple  stibtraction. 

A  more  accurate  investigation,  formerly  promised  {Asfiffmafuime  en 
cylindrische  glazcn,  p.  68,  Utrecht  1802),  and  now  accomplished,  with  the 
zealous  co-operation  of  Dr.  Middelburg  ide  Zitplaatg  ran  het  astiffmati*me^ 
Utrechtv  186.'j),  has  shown,  indeed,  that  such  substraction  is  not  admissible. 

Hitherto  the  radius  of  curvature  was  determined  only  in  the  vigual  line, 
and  principally  in  the  horizontal  plane  (see,  for  the  method  followed,  p.  18, 
comparing  Fig.  75,  and  for  the  results  obtained,  p.  89) ;  and  in  order  to  find 
the  radius  in  another  plane,  for  example  in  the  vertical  (as  for  the  above 
Table),  the  head  was  simply  held  to  the  side.  It  is  evident  that  in  this  way 
no  reliable  results  were  to  be  obtained.  In  the  first  place,  it  is  certainly 
extremely  difficult,  if  not  impossible,  with  any  accuracy,  to  give  the  head 
precisely  the  desired  degtee  of  inclination,  and,  in  the  second  place,  the 
visual  line  was  always  directed  simply  towards  the  ophthalmometer,  and 
was  therefore,  properly  speaking,  not  measured  in  the  plane  of  a  meridian, 
for  the  meridians  do  not  cut  the  visual  line,  but  the  axis  of  the  cornea. 

A  proper  system  of  measurements  seemed  therefore  to  be  obtainable  only, 
if  it  were  possible  to  make  the  lights  themselves  turn,  in  a  vertical  plane,  round 
a  point  on  which  the  common  axisof  the  corneaand  ophthalmometer  isdirected, 
in  order  by  so  doing  to  make  the  lights  shine  consecutively  in  the  different 
meridians  of  the  cornea,  while  a  corresponding  inclination  is  given  to  the  glass- 
plates  of  the  ophthalmometer.    To  attain  this  object,  a  vertically-placed  ring, 

Fig.  156. 


V 

"                          -  '"-  ■ 

R,  to  whose  centre  the  axis  a'  a  of  the  ophthalmometer  stands  perpendicular, 
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a.nd  aronnd  whioh  nn^  the  laraps  1,  2,  3,  here  represented  as  lying  in  a  hori- 
zontal line,  can  be  turned,  was  steadily  fixed  on  the  oblong  table  (Fig.  156, 
X  T),  between  the  ophthalmometer  M  and  the  investigated  eye,  O.  This 
rinej',  more  accurately  represented  as  Fig.  157,  rests  upon  a  pillar,  S,  which, 


Fig.  157. 


by  me&ns  of  its  bending,  docs  not  impede  the  turning  of  the  lamps,  and  is, 
by  a  broad  foot-pieoe,  t',  firmly  placed  upon  the  table.  The  centre  of  the 
ring,  c,  is  situated  at  one  metre  (=  3*28  English  feet)  from  the  eye  ;  the 
diameter  of  the  ring,  measured  to  the  outer  mai^n,  amounts  to  388  mm. 
(15-27  English  inches).    On  thia  ring  turn  two  oopper-plates  P  P,  which,  at 
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thft  oontMk  of  Iwo  bent  riaa,  r  r«  with  the  oatdilat  of  the  ling^  lio  ia  the 
dinotioii  of  the  radii  of  the  ring.  To  one  of  these  eopper-platea,     m.  hamf, 

igt  ie  atteohed  at  the  outside  ;  to  the  other  bar,  P,  are  fastened  two  daubr 
lajnpa,  I,  at  the  eutiide,  at  the  inside  (iodicated  in  Fig.  156  a«  1»  2,  nd 
3) ;  each  lamp  is  covered  by  a  diaphragm,  d,  in  ^  bich  is  an  opening,  e^ 
5'5  mm.  large,  and  is  movable  in  a  hoop,  so  that  in  eacli  position  of  the 
plates  it  assuraes  a  vertical  direction,  turning  round  an  axi«,  which  passe* 
exactly  through  the  middle  of  the  openinj^s  mentioned.  1*he  lamps  are 
filled  with  oil,  and  have  aflat  wick,  the  flame  of  wliich  completely  illuminates 
the  whole  surface  of  the  openings,  seen  from  0.  Now,  in  every  position  of 
the  lamps  the  illuminated  openings  maintain  unchangeablj  the  same  di&- 
tanoe,  namely,  from  o  to  O'  «bi  144  6  mm.^  and  from  if  to  if  34S*5  m. 
Of  oonrse  the  two  plates  must  tlwajrs  he  dianietrieally  opposite  to-  caek 
other,  for  example,  P  at  120«,  and  F  at  300*,  as  in  Fig,  167.  In  order  te 
keep  the  flame  steady,  eases  open  in  front  are  brought  around  the  lamps^ 
and  when  the  latter  are  in  a  Tertioal  position,  a  flat  screen  ia  held  hori- 
lontally  above  the  two  lower  ones,  in  order  to  pievent  too  great  hestifig  and 
the  af^cent  of  the  current  of  air. 

As  has  already  been  remarked,  the  axis  of  tlie  ophthalmometer  is  directed 
to  the  centre,  c,  of  the  rinj;,  and  nt  the  same  time  to  the  centre  of  the  ojiening, 
in  front  of  which  the  observed  eye  is.  Jn  taking  the  observation  the  axis  of 
the  cornea  mu.st  also  coincide  therewith  :  therefore  the  first  thing  we  have  to 
do  is  to  inquire  what  point  the  visual  linf  must  fix.  From  former  obstTva- 
tions  it  appeared  that  the  axis  of  the  cornea  corresponds  nearly  to  the  centre 
of  the  cornea ;  we  now  seek  the  centre  first  in  the  horizontal  meridian,  by  the 
method  followed  by  Br.  Doijer  and  myself  (compare  p.  186).  For  this 
purpose  a  light  is  placed  directly  before  the  centre,  o  (Fig.  167),  of  the  ring, 
and  the  point  is  songht,  whioh  must  be  fixed  in  order  to  make  the  reflected 
image  of  this  light  correspond  predeely  to  the  middle  of  the  cornea.  In 
order  to  find  that  point,  a  flat  copper  arc,  whoee  centre  of  curvature  is 
sitnated  in  the  nodal  point  of  the  eye  0  (Fig.  15C),  and  to  which  a  Bight, 
v,  is  movably  attached,  is  fastened  on  the  oblong  table  in  c.  .Now  if  for 
the  horizontal  meridian,  the  required  position  of  the  sight  is  found,  the 
ophthalmometer  is  turned  90'*  round  its  axis,  and  it  is  thus  determined  with 
what  direction  of  the  visual  line,  above  or  below  the  horizontal  plane,  the 
edges  of  the  cornea  doubled  in  a  vertical  direction,  resj)eetively  above  and 
beneath,  reach  simultaneously  the  reflected  image  of  a  flame  placed  in  the 
horizontal  plane  next  the  axis  of  the  ophthalmometer:  the  direction  is  de- 
termined by  moving  the  sight,  which  has  the  form  of  a  slender  cross,  as 
much  as  necessary  upwards  or  downwards. 

In  the  position  of  the  sight  thus  found,  in  whose  fixation  the  axis  of  the 
ophthalmometer  coinoides  with  the  axis  of  the  eomea,  the  radius  of  curvature 
is  in  the  first  pkee  determined ;  and  to  ascertain  whether  the  radius,  thus 
measured,  actually  corresponds  to  the  apex  of  the  ellipsoid  of  the  cornea,  the 
sight  is  moved,  consecutively  in  the  horizontal  and  in  the  vertical  plane,  an 
equal  numbw  of  degrees  (usually  ten),  alternately  to  each  side.  And  if 
it  now  appeared  that  in  the  two  planes  with  eqtial  deviation  in  two  opposite 
directiciis  a  similar  radius  of  ourTature  was  found,  it  was  a£samed  that  the 
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axis  of  the  cornea  was  really  properly  directed.  But  if  the  difference 
acDouuted  to  more  than  was  to  be  explained  by  error  of  observation,  another 
direotioii  was  given  to  the  sight,  until  repeated  measurement  proved  the 
oomemeM  of  the  podtioa.  It  now  appeared,  that  in  tho  lunisontid  direo- 
tion,  the  axu  of  tlie  oonnn  nniAlly  passes  through  the  centre  of  tho  aootion 
of  the  ootnea,  hat  thAt»  whon  plaoed  TortieaUy,  a  deviation  in  this  lespeet 
not  unfieqnently  oeoan. 

With  this  determination  of  the  axis  of  the  oornea,  the  radios  of  the 
oanratnre  at  0^  and  at  90**  is  already  found. 

While  the  point  of  sight  continued  the  same,  and  the  head  was  held  in  a 
vertical  position,  at  least  five  raeasiirements  were  now  further  made  in  each 
of  the  meridians,  at  intervals  of  15  degrees.  This  was  done  simply  by  giving 
the  required  inoUuations  simultaneously  to  the  three  lamps  and  to  the  oph- 
thalmometer. 

The  magnitudes,  which  corresponded  to  the  degrees  found  on  the  ophthal- 
mometer, had  already  been  previoiuly  empirically  determined,  and  thenoe 
the  ndii  of  omnratnie  were  now  oaloulated. 
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The  results  thus  obtoined  with  15  eyes,  are  to  be  found  in  the  foregoing 
Tuble.    The  latter  requires  some  explanation.    The  direction  of  the  meri- 
<iiaii  of  maximum  of  curvature  for  the  cornea      communicated  in  column  0, 
Wiis  estimated  from  the  observations  contained  in  column  F.    Before  the 
number  in  degrees  we  have  for  each  eye  indicated  its  direction  by  a  short 
stroke  :  while  the  broad  intervening  line  represents  the  nose,  the  direction  of 
in  the  right  eye  iti  indicated  before,  in  the  left  behind,  the  said  line, 
by  the  slighter  short  stroke.  In  oolumn  H  we  find  indicated  the  d'teoiion 
of  the  meridian  of  maximum ourvatnredetennined  for  the  dioptric  system  of 
the  whole  eye,  Mo.  For  the  determination  of  the  diieotion  we  use,  aoeording 
to  the  method  aboTO  pointed  out,  a  Yeiy  weak  eylindrioal  glass,  whose  re- 
el uired  position  waa  accurately  noted.    It  is  more  difficult  to  establish  the 
degree  of  the  astigmatism,  where  this  is  Teiy  slight.    In  column  I,  we 
have  indicated  this  for  some  eyee,  in  whioh  wo  were  oonvinced  that  soffioient 
a4)0iiracy  was  attained. 

From  the  Table  it  now  appears  : — 

1*.  That  of  fifteen  eyes  the  radius  of  curvature  is  in  thirteen  less  in  the 
vertical  meridian  than  in  the  horizontal,  while  in  two  eyes,  Nos.  14  aiul  1  o, 
both  belonging  to  the  same  person,  this  is  uncertain.  The  measurements  in 
No.  14  were  made  by  Dr.  Middelburg,  and  in  the  absence  of  deoisive  results 
xrUh  reepeot  to  the  porition  of  the  principal  meridians,  I  desired  that  Mr. 
HameiC  ehonld  make  a  qritem  of  measorements  upon  the  aame  eye :  now 
these  do  not  entirely  agree  with  those  of  Dr.  Middelbnig ;  but  the  diieotion 
of  Mc  is  still  as  far  from  being  determined.  MoreoTor,  on  the  left  eye  of 
the  same  person,  No.  15,  numerous  measurements  were  made  at  0*  and 
in  whioh  the  average  varies  so  little,  that  for  this  eye  also  we  eannot 
¥rith  oertainty  deoide  in  whioh  of  these  two  positions  the  onrrature  is 
greate  r. 

2®.  In  harmony  with  l**,  we  find  on  calculation  Mc  always  approaching 
more  nearly  to  00"'  than  to  O**.  Only  in  No.  '6  did  we  find  135^,  which  is 
the  medium  between  'JO"  and  O''  (or  180").  The  direction:^  here  found  for 
Mc  show  plainly  enough  how  little  right  we  have  to  seek  the  maximum  of 
ourvature  exactly  at  90*^.  We  here  find  a  deviation  in  each  direction, 
about  sueh  as  I  found  for  aphakia,  where  the  direction  of  the  aole  remain* 
ing  astigmatism,  that  of  the  oomea,  could  be  determined  lo  aoourately  by  a 
point  of  light  (oompare  Fig.  J  55). 

3®.  The  direotion  of  the  astigmatism  for  the  whole  eye,  Mo,  was  found 
also,  in  most  cases,  nearer  to  90**  than  to  O** ;  only  Nos.  5,  IS,  and  14  pre- 
sent exceptions  in  this  respect,  in  No.  6  and  No.  13,  consequently,  Mo 
has  quite  a  different  direction  from  Mc ;  for  No.  14  Mc  oould  not  be 
determined.  Meanwhile,  where  Mo  and  were  both  nearer  to  90** 
than  to  0'',  their  directions  still  often  diifer  considerably,  namely  from 'd^ 
(No.  12),  to  .OS"  (No.  6.). 

Hence  it  now  ap|)ear8,  that  we  have  no  right  whatever  to  consider  Mc 
and  Mo  as  coincident.  Moreover,  apart  troin  the  degree  of  Mc  in  refer- 
ence to  Mq,  it  follows  that,  in  normal  astigmatism,  the  crystalline 
lens,  too,  plays  a  very  decided  part  When  the  direotions  of  M,  and 
Me  are  opposed  to  one  another,  as  in  No.  5  and  No.  13,  the  crystalline 
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IflQi  nmit  have  the  ttnngeat  inflaenee.  Had  we  wished  to  eelenlaie  thkb 
it  would  have  been  neeetiary,  from  the  mearafemente  in  twelve  fimridi«M 
for  eaoh  eye,  to  oahmkte,  aeeordiog  to  the  method  eommimieated  in  treatiag 
of  abnormal  aetigmatiim,  both  the  Taloes  Me  and  Ase;  farthermore, 
with  the  ^catest  accuracy  not  only  Mo*  bat  also  As,,  in  order  finally,  by 
rather  oomplex  formulae,  to  be  commnnicated  in  speaking  of  abnormal  uttig- 
matism,  to  calculate  what  direction  of  Mt  (meridian  of  maximum  corrature 
of  the  crystalline  lens),  and  what  degree  of  As,  (asligmatismuf  the  crystalline 
lens),  should  be  capable  of  modifying;       and  As^.  to  Mo  and  As^.  But  we  haie 
thought  well  to  omit  this  calculation,  because  our  data  in  the  slighter 
degrees   of  normal    astigmatism  do  not  possess    sufficient  accuracy  to 
give  much  coutideucc  iu  tlie  result  of  the  calculation.    We  need  now 
loarceiy  remark,  how  far  we  are  from  being  able,  by  snbtraetiDg  the  astig- 
matiam  foond  for  the  eornea,  firom  that  of  the  whole  eye^  both  only  In  the 
horifonCel  and  mtioel  direetbni,  to  find  that  of  the  erystalline  lens. 

If  the  ccyttelline  lens  tekee  pert  in  xegolar  aatigmattam,  it  may  do  ao  in 
eithsr  of  two  ways.  In  the  first  plaoe,  by  the  form  of  the  snrfkoes  of  car- 
Tatars:  Uiese  might  veiy  well  be  ellipfloids  with  unequal  axes,  of  whieh  the 
maximum  and  minimnm  nee^  not  ooindde  with  those  of  the  oomea ;  r^ 
specting  this,  however,  nothing  is  with  certainty  known.  In  the  second  place, 
by  an  oblique  position  of  the  lens,  which  would  have  a  corresponding  influence. 
That  this  influence  sometimes  exists,  at  least  in  higher  degrees  ot  astig- 
matism, is,  an  shall  hereafter  appear,  directly  proved.  And  that  it  obtains 
in  the  crystalline  lenses  of  my  own  eyes,  the  study  of  the  diffusion-images  of 
a  point  of  light  have  convinced  me  :  before  and  behind  the  central  part  of 
the  fooal  space  the  intersection  of  the  fasciculus  of  rays,  derived  from  a  point 
of  light,  has  precisely  such  divergent  forms  as  toko  place,  in  an  obUqae 
position  of  a  convex  lens,  upon  a  screen ;  and  with  this  is  partly  connected  the 
fact,  that  the  eye,  in  reduction  for  a  point  too  near  (not  by  accommodatioB, 
but  by  lenses,  ao  that  the  pupil  in  both  eases  maintaina  an  eqnal  dianietcr)t 
sees  mnoh  more  aocurately,  than  in  reduction  for  a  too  remote  point:  in  the 
first  ease,  although  the  difi'usion-image  ia  extended,  many  rays  continue  for 
a  long  time  to  form  a  much  clearer  nucleus.  Partly,  too,  spherical  aberrft> 
tion  may  be  the  cause  of  it  (Conf.  irregular  astigmatism). 

It  would  be  instructive  to  be  able  to  receive  rays,  refracted  at  the 
top  of  an  ellipsoid  with  three  unequal  axes,  on  a  screen.  As  this  is,  however, 
not  a  rotation-body,  it  will  scarcely  be  possible  to  grind  it  of  such  a  form. 
But  we  may  obtain  nearly  the  same  by  combining  with  an  ordinary  spheri* 
oal  lens  a  cylindrical  one  of  much  greater  focal  dbtance. 

8Qoh  eombinationa  are  to  be  found  in  the  bozea  made  at  my  suggestion 
by  Naehet  and  Son,  of  Paris,  for  the  infeatigatbn  of  aatigmatism. 
^^i^i^^.     The  light  should  first  be  allowed  to  fhU  on  the  symmetrical  spherical  lena, 
^%Beperated  from  the  eylindrioai  one  by  a  diaphragm  with  a  roond  opening, 
^ka  a  cylindrical  leus  we  should  use  a  combination  of  two  planoHsylindiieal 
mses,  a  positive  and  a  negative  of  equal  fooal  distance  (lens  of  Stokes),  one 
f  which  can  turn  round  the  axis  of  the  case.    We  thus  obtain  the  eifeot  of 
1  single  cylindrical  lens,  whose  astigmatio  power  is  =  0,  when  the  axes  of 
|he  cylindrical  surfaces  of  curvature  are  parallel,  and  on  turning  to  90** 
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^Tadnallj  ascends  to  that  of  the  sum  of  the  two  lenses.  By  thus  oonneotmg 
tlie  oombined  oylindrioal  with  Hie  tpherieal  lent,  we  oan  oommumoate  to  It 
all  the  degteee  of  titi^atiaiD.  It  Uien  appears,  on  moTiiig  the  Bereen,  that 
tlie  fboel  intemd  it  gieeter,  that  the  linae  bonndiiig  it  are  longer,  and  the 
Motiooa  of  the  fiwdoalni  ot  light  in  the  eonne  of  the  fooal  interval  are 
greater,  aooording  as  the  oylindrioal  lens  is  stronger,  that  is,  as  the  astig- 
matism is  greater.  If  the  latter  be  slight,  we  still  obtain  in  the  fooal 
interval  tolerably  good  imaf^s,  which,  in  prnportion  as  it  becomes  greater^ 
f^yes  way  to  sooh  as  are  more  and  more  dlfiuse.  The  wliole  form  of  the 
refracted  bundle  of  li«:ht  in  very  strikingly  seen  in  tobaooo-smoke,  when 
tLe  solar  iroa^e  is  used  as  object. 

Sturm  assumed  that  the  focal  interval,  which  is  the  rchiilt  of  asymnietry, 
should  make  any  accommodation  of  the  eye  for  difl'ereut  distances  8Ui>er- 
fluous.    This  opinion  no  longer  needs  refutation.    Its  inaccuracy  becomes 
at  once  apparent  when  we  reflect,  that  the  fooal  interval  for  the  dioptrie 
system  of  the  eye  wonld  he  mneh  too  small,  to  eontain  in  itself  the  whole 
range  of  aooommodation«  and  that,  were  it  long  enongh,  the  aenteneas 
of  vision  would  saflSur  oonstderably  hy  the  great  diiEh8ion>image8»  as  in 
a  high  degree  of  astigmatism  is  actually  the  case.   But  thus  far  is  there 
truth  in  Sturm's  idea,  that  objects,  whose  distanee  from  the  eye  diffbrs  so 
little,  that  their  focal  intervals  still  £aU  within  one  another,  are  seen  with 
nearly  equal  distinctness.    The  ncoommodation-line  of  Czermak,  which  has 
been  incorrectly  connected  with  the  length  of  the  rods,  is  to  be  explained  in 
this  way :  it  depends  upon  the  OHymmetry  of  the  refracting  system  of  the 
eye,  and  is  a  function  of  the  len^^th  of  the  focal  interval. 

I  have  indicated  as  an  effect  of  asymmetry,  that  the  posterior  focus  in  the 
meridian  of  greatest  ourvature  is  least  remote  from  the  cornea,  in  that  of 
sUghtsst  enrvatore  is  most  so.  To  this  evidently  corresponds  a  differenoe 
in  position  of  all  the  oardinal  points.  In  treating  of  high  degrees  of  astig- 
matism, we  shall  revert  to  this  fiMt  and  to  its  eonseqneneea  with  xcspeet  to 
-vision. 


§  85.  D18TUKBANOE8  AND  Phbnomxna  nr  High  Drgrbbs  of 

AmGlLLTISM. 

"We  have  seen  that  a  certain  degree  of  xegnlar  astigmatism  occois 
in  all  eyes,  and  therefore  cannot  be  considered  as  abnormal.   We  do 

not  call  it  abnormal  until  it  attains  to  such  a  degree  that  the  accu- 
racy of  vision  perceptibly  sufFors  from  it.  Yor  equal  lengths  of  the 
focal  interval,  this  is  the  case  sooner,  in  proportion  as  the  pupil  is 
larger.  Our  observations  should  therefore  be  made  with  au  average 
size  of  the  pupil,  under  sufficient  illumination.  J 
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1.  The  disturbance  manifests  itself  first,  when  strijx^s  of  different 
directions  lying  in  the  same  plane  have  to  be  distinguished.  If  these 
stand  far  from  one  anotlier,  the  acoommodatioii  Qsoalij  regnlatee 
itself  ahnost  involantanlj,  in  order  to  see  fhem  acutely  aUemsftdj, 
and  the  distoibanoe  may  still  be  nnobsenred.  If  they  are  dofe 
together^  the  diffosioD-images  of  the  one  direction  fell  over  the  de- 
fined images  of  the  other,  for  which  the  subject  is  accommodated, 
and  confusion  ensues.  lu  most  capital  Boman  letters  this  soon 
occurs. 

Now  in  the  most  accurate  accommodatioii,  with  or  without  spheri- 
cal glasses,  the  eye  never  has,  with  abnormal  astigmatism,  in  deter- 
mination with  letters,  S  =  I.  It  not  un frequently  descends  to 
S  =  i.  If  S  s-  4  the  distuibance  is  abeady  the  sonroe  of  consider- 
ahle  inconvenience. 

2.  There  exists  a  certam  indifFerenoe  for  spectacle-glasses  of  nearly 
equal  power.  It  is  impossible  to  make  a  definite  choice.  Glasses  of  4 
and  of  •  are  found  to  be  equally  good.  In  diminished  acuteness  of 
vision,  proceeding  from  otlier  cuises,  (liis  iiKhfTerence  docs  not  c\i-t, 
or  at  legist  it  is  present  in  a  much  less  degree.  This  phenomenon 
led  me  long  ago  to  suspect  that  the  diminished  acuteness  of  vii>ion, 
often  peculiar  to  hypermetropia,  might  be  dependent  on  abnormal 
astiirmatism.  Tlie  phenomenon  finds  its  explanation  in  the  long 
focal  interval,  whose  sections  as  diffusion -images  are  nearly 
equally  disturbing^  and  in  whose  range,  with  moderate  diffe- 
rence of  glasses,  the  retina  easily  maintains  its  position  (compare 
p.  458). 

8.  The  diflFn8ion-imag(^  of  a  point  of  light  alters,  in  modification  of 
accommodation,  not  only  in  size,  but  also  in  form.    Only  when  the 
middle  of  the  focal  space  corresponds  to  the  plane  of  ])erception  is  the 
image  nearly  round;  in  every  other  state  of  accommodation  it  is  ex- 
tended in  one  or  other  direction.   This  is  already  the  case  in  the 
ordinary  degree  of  regular  astigmatism,  as  we  have  seen,  but  at  high 
degrees  thereof  it  is  particularly  striking.   In  such  we  soon  find  a 
iherical  glass,  with  which  a  point  of  light  at  a  distance  ezhibite  itself 
a  stripe  of  light,  and  at  the  same  time  a  modifying  spherical  glass 
ether  positive  or  negative),  which,  placed  before  the  first,  makes 
le  stripe  of  light  assume  a  precisely  opposite  direction.  In  the  recpiired 
;rength  of  this  modifyint?  glass  we  possess  a  means  of  determining 
he  degree  of  astigmatism.    By  the  alteration  of  direction  of  the  stripe 
jOght,  on  alternately  placing  the  second  glass  in  hont,  astigmatics 
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eopedallj  improsaed.* — He  who  has  sufficient  control  over  his 
acpommodotion,  withoat  vaing  a  modifying  ^bo^,  ean  yolnntarily 
prodnce  simikr  changes  of  form  of  i}ie  diifasion-images. 

4.  The  inflaence  of  the  direction  of  stripes  on  their  distinctnefls 

is  exceedingly  great.    The  strongest  contrast  is  afforded  by  stripes 
corresponding  to  the  direction  of  the  hnes  of  light  described  under  3, 
which  rarely  deviate  much  from  the  vertical  and  horizontal.    It  de- 
pends upon  the  state  of  refraction  in  the  different  meridians,  which  of 
these  shall  exhibit  themselves  most  distinctly  at  a  distance ;  but  it  is 
ea^y  to  find  the  positive  or  n^^ve  spheikal  glass^  whereby  either 
the  first  or  the  last  ate  accnratdy  seen:  the  greatest  indistinctness  of 
the  stripes  will  correspond  to  the  opposite  direction.  It  is  now 
also  easy  to  find  a  modifying  lens,  with  which  these  last  become 
defined,  and  the  first  attain  the  highest  degree  of  indistinctness.  The 
higher  the  degree  of  astigmatism  is,  the  greater  will  be  this  indis- 
tinctness, and  the  stronger  must  be  the  lens.  The  alternating  distinct- 
ness of  the  stripes  of  opposite  directions,  on  applying  and  removing 
the  modifying  glass,  is  very  striking  even  in  slighter  degrees,  while 
on  a  linc^  which  cuts  the  two  opposite  stripes  at  an  angle  of  45%  it 
has  scarcely  any  influence. 

5.  If  the  stripes  of  different  directions  consist  of  short  lines  as  in 
the  annexed  Fig.  (158),  these  at  a 

certain  distance  coalesce  for  all  eye^,  ?^^?!. 

and  we  therefore  see  only  the  princi- 
pal stripe.  On  drawing  near,  the 
strongly  astigmatic  eye  observes  the 
transverse  lines  much  sooner  in  the 
stripe  which  is  most  feebly  seen,  than 
in  the  clearest. 

6.  Lines  of  eqnal  length  in  the  two 
opposite  directions  do  not  appesr 
equally  long,  and  this  gives  rise  to  the 
incorrect  estimation  of  the  form  of  the  ■■ 
objects :  a  square  exhibits  itself  a^  an  2S 
obloug. 

•  The  stripes  follow  the  lateral  inclination  of  the  hoad— a  fresh  proof  that 
the  vertical  meridian  of  the  eye  assumes  the  same  inclination  as  the  head, 
and  by  no  means  remains  vertical,  in  consequence  of  turning  round  the 
visual  axis,  aa  formerly  assumed  by  Hueck.  This  we  can  likewise  observe  in 
the  lines  of  the  diffiision-image  of  a  point  of  light  (  Verdagen  en  Mededee- 
Ktigm  twa  d$  Kon,  Aeai.  van  WeUmehappmt  1661,  !i.  x.  p.  198). 
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Here  two  different  causes  come  into  play.    In  the  first  plioe,  in 

accurate  accommodation,  successively  for  erect  and  recumbent  lines, 
those  situated  in  the  meridian  of  greatest  curvature  (in  general  the 
erect  lines),  for  equal  lengths,  form  longer  images  upon  the  retma. 
The  cause  is  to  be  sought  in  the  position  of  the  nodal  points,  or 
rather  of  the  second  nodal  point.  The  farther  this  point  (leUtiyelj 
to  the  optical  centre)  lies  from  the  retina,  the  kiger  will  the 
retiaal  image  be,  and  as  the  canae  of  aatigmatiam  oonaiata  diieflj  in 
a  difibrenoe  of  corvatoie  of  the  meridiana  of  the  cQnea,  the  nodal 
pcnnt  lies  more  anteriorly  in  the  meridian  of  greateat  curvatnre. 
In  strong  astigmatism  this  difference  may  amount  to  more  than  one 
mm.,  that  is,  about  n  of  the  distance  between  the  second  noilal 
point  and  tlie  retina. 

In  the  second  place,  diffusion  is  to  be  taken  into  consideration. 
If  a  vertical  line  be  acutely  seen,  a  horizontal  line  presenti  a  dif- 
fused appearance :  it  aeema  broader.  Now  the  superior  and  infenor 
boundaries  of  a  square  may  be  considered  aa  horizontal  lines :  conse- 
quently, when  the  eye  ia  accommodated  for  the  vertical  hmita  of  the 
aquare,  the  latter  appeara  larger  in  the  yertical  dimension.  Aa^ 
moreover^  on  account  of  the  difference  of  position  of  the  nodal  points, 
the  distinct  image  is  in  this  direction  already  greater  than  in  the 
horizontal,  so,  in  accommodation  for  the  vertical  boundary  of  a  square, 
must  the  latter  for  a  double  reason  appear  hiffher,  and  the  dili'erence 
between  height  and  breadth  becomes  considerable.  On  the  other 
hand,  when  the  eye  ia  accommodated  for  the  horizontal  boundary, 
diffusion  makes  the  aquaie' appear  broader,  and  may  thus  compensate 
for  the  effect  of  the  difference  in  position  of  the  nodal  pointa. — The 
effect  of  diffusion  here  described  obtaina  in  looking  at  a  clearly 
illuminated  square  upon  a  dark  ground ;  it  ia  inverted  in  the  case  <^ 
a  dark  square,  observed  upon  a  brightly  illumined  ground. 

7.  The  acuteness  of  vision  is  very  considerably  improved  by  looking 
through  a  slit  of  from  one  to  two  millimetres  in  breadth.  In 
these  experiments  the  stenopseic  apparatus  may  be  employed,  the  slit 

t which  can  be  narrowed  and  widened  at  pleasure  (p.  129).  The 
proveinent  in  the  power  of  viaion  is  greatest,  when  the  alit  ia 
iAd  in  the  direction  of  the  maximum  or  minimum  of  curvature, 
l^ack  may  have  been  ascertained  from  the  direction  in  which  the 
£ffusion-image  of  a  point  of  light  is  drawn  (compare  No.  3).  The 
then  coincides  with  a  principal  section,  passing  through  two 
_4^|^^the  ellipsoid. — The  improvement  of  the  acuteness  of  vision,  in 

7 
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looking  thiougb  a  sMt,  is  a  very  significant  phenomenon.   It  affords 

a  direct  proof  that  tlie  niys,  refracted  in  the  meridian  of  one  of  tlie 
principal  sections,  unite  nearly  in  a  point,  and  that  consequently  the 
existing  disturbance  of  vision  depends  on  asymmetry.  What  is 
more,  we  can  determine  the  diiFerence  of  the  state  of  refraction  in 
tlie  meridian  of  the  maximum  and  minimum  of  curvature  in  the  way 
described^  with  the  aid  of  spherical  glasses,  as  shall  be  more  parti- 
cularly described  in  the  following  chapter. 

It  is  also  instnictiTe  that,  in  looldng  through  a  slit,  not  coinci- 
dent with  one  of  the  principal  sections,  the  objects  are  drawn  ont, 
partly  because  circles  of  diffusion  still  easily  remain,  which  are 
elongated  in  the  direction  of  the  slit,  partly  because  all  the  normals 
of  a  meridian,  laid  through  only  one  axis,  do  not  lie  in  one  plane, 
and  consequently  ail  the  refracted  rays  do  not  continue  in  the  same 
plane. 

8.  In  high  degrees  of  astigmatism  the  phenomena  of  dispersion 
are  veiy  peculiar.  Helmholtz^  observed  that,  in  general  they 
are  much  more  distinct  when,  instead  of  white  light,  such  light 
is  employed  in  the  investigation  as  consists  of  only  two  prismatic 
colours  of  the  greatest  possible  difference  in  refrangibility.  Such 
light  is  most  simply  obtained  by  causing  sunlight  to  pass  through 
dark  violet-coloured  glasses.  These  ghi^ses  absorb  the  middle  rays 
of  the  spectrum  tolerably  perfectly,  and  transmit  only  the  outermost 
colours,  red  and  violet.— In  experimenting  with  the  light  of  a  lamp 
or  of  a  wax-candle,  a  dark  blue  cobalt-glass,  which  transmits  only 
the  extreme  red,  with  indigo  and  violet  in  large  quantity,  is  quite 
sufficient.  A  more  or  less  violet  tint  is,  however,  also  preferable.  Profes- 
sor Dove  showed  me  an  excellent  tluck  piece  of  glass  of  this  nature; 
the  glasses  I  had  hitherto  been  able  to  procure  most  aU  give  way  to  it. 
On  looldng  with  slight  myopia  (or  accommodation  for  a  near  point) 
through  such  a  cobalt-glass  towards  the  ilame  of  a  candle,  its  edges 
are  blue,  and  the  centre  reddish;  in  slight  hypermetropia  a  beautiful 
red  border  is  seen  around  the  candle  and  the  centre  is  blue.f  On 
looking  through  a  violet-glass  at  a  small  opening  in  a  dark  screen 
turned  towards  the  daylight,  we  see,  in  accommodation  for  the  violet 
rays,  the  opening  surrounded  by  a  red,  in  accommodation  for  the 

•  Physiologische  Optik,  I.  c.  p.  1 27. 

t  Slight  degrees  of  ametropia  are  immediately  distinguishable  by  this 
means.  In  high  degrees  the  diffusion-images  are  too  large,  to  enable  us  to 
observe  the  difierenoe  of  colour  with  equal  distinctness.  • 
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red  we  see  it  sarrounded  bj  a  violet  margin:  in  the  latter  case 
the  violet  rays  have  not  yet  conie  to  a  focus  in  the  retinal  imag^  in  I 
the  former  the  red  have  already  intersected,  and  are  therefore  on  the 
outride;  a  aqni^re  opening  is  skirted  in  like  manner.  If,  on  the 
contrary,  an  astigmi^c  person  sees  soch  an  opening  as  acutely  as 
possible,  and  if,  on  the  violet-glass  heing  then  pushed  before  his  eye, 
blue  margins  appear  at  the  superior  and  inferior,  and  red  at  the  two 
vertical  edges,  the  subject  is  shown  to  be  myopic  in  the  vertical,  and 
hvpermetropic  in  the  horizontal,  meridian.  If  he  sees  the  point  of 
light  drawn  out  to  a  line  (see  under  No.  3  of  this  Section),  the 
extremities  and  middle  of  the  line  are  of  different  colours,  and  on 
altering  the  direction  of  the  lines  of  light  by  the  modifying  lens,  the 
colours  also  change. 

All  the  above  phenomena  we  may  observe  in  ourselves.  The  only 
thing  necessary  for  this  purpose  is  to  make  the  eye  astigmatic,  and 
this  is  effected  by  holding  a  cylindrical  lens  before  it  The  axis  of  the 

cylindrical  curvature  should  by  preference  be  placed  horizontally  if 
the  lens  be  positive,  vertically  if  it  be  negative  :  the  observer  then  ob- 
tains in  his  eye  the  shortest  focal  distance  in  the  vertical  meridian, 

just  as  astigmatics  generally  do.   A  cylinder-glass     ^     ~~  ^ 

(20'  focal  distance,  positive  or  negative)  is  sufficient.  We  may 
therewith,  by  adding  or  not  adding  spherical  glasses,  combine  every 
degree  of  ametropia ;  the  astigmatism  always  remains  (apart  from  the 

originally  existing  asymmetry)  =  To  obtain  in  one's  own  per- 
son a  simple  and  ol't en-occurring  case,  we  should  make  the  horizontal 
meridian  hy])ormetropic,  witli  emmetropia  of  the  vertical.  An  emme- 
tropic individual  needs  to  this  end  only  to  hold  before  the  eye  a 

cylindrical  lens  of  —     with  the  sxia  of  the  cylinder  perpendicolar. 

But  it  is  useful,  subseqnently  to  experiment  also  with  ametropia  ! 
artificially  produced  in  both  meridians. 

It  appears  superfluous  to  give  further  indicationa  for  the  triab  to 
be  made.  All  tiie  above-described  phenomena  the  observer  will  be 
able  without  trouble  to  repeat.  Two  remarks  only  may  be  added : 
the  dispersion  has  appeared  to  me  to  be  greater  in  such  artificial 
astigmatism  than  in  the  natural,  and  the  dilferenre  in  the  size  ' 
of  the  retinal  images  in  the  two  principal  meridians  is  more  con- 
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siderable.   The  explanation  of  the  first  of  tltese  facts  would  lead  me 

too  far.  The  reason  of  the  second  is  evident :  the  cvlindrical  lens  is, 
in  fact,  at  some  di?<tance  from  the  coniea,  and  its  action  here  exer- 
cises more  iiifluoncr  on  the  position  of  the  nodal  points,  tlian  if 
by  moditication  of  the  corneal  radius,  the  posterior  focus  had  been 
equally  displaced.  Objects  are  therefore  seen  more  drawn  oat»  than 
in  naturaL  astigmatism  of  like  degree. 

Where  vegnlar  astigmatinii  exists,  H  Is  veqinnts,  in  ofder  to  answer  a 
number  of  questions,  to  determmc  the  ««Wlm^l  points  in  the  two  principal 
meridians,  aa  if  th^  fbrmod  two  different  systems.  In  the  following  I  shall 
try  this  for  a  given  case.  Let  us  suppose  an  instance  where  the  cause  of  the 
astigmatism  lies  exclusively  in  the  romon,  the  radius  of  cur\*ature  of  which 
in  the  vertical  meridian  is,  as  not  unfnqueiitly  occurs,  1  mm.  shorter  than 
in  the  horizontal.  Let  us  take,  to  keep  to  a  given  case,  No.  6  of  the  Tahle 
in  my  first  treatise  on  astipnatism,  where  the  radius  in  the  vertical  plane 
amouiit8  to  7-38,  that  in  tlie  horizontal  to  8  38  mm. :  let  the  section  in 
the  Tertical  plane  be  v,  that  in  the  horizontal,  H. 

For  the  refracting  sorfkce  of  the  cornea  alone  the  cardinal  points  are 
easQy  determined:  the  principal  point.  A,  lies  in  the  apex  of  the  plane  of 
corvatnre,  the  nodal  point,  A,  in  the  centre  of  eorvatoreof  theapex  (respee- 
tlvely  7*38  and  8*38  mm.  hehhid  Uhb  apex) ;  while  the  positions  of  the  anterior 
focns  f\  and  of  the  posterior  foeos  f*  are  calculated,  according  to  the  for^ 
mnla — 

A^'orF'= 

n  —  1 

14    1 

by  which,  ii  being  assomed  =  1  -3365,  we  find 

F' =24-90 
•28 
ss  21*93 
29-31. 

Thus  the  distaness  A  f'  and  A  f'  axe  fonnd.  In  F!g.  Ifi9  (in  whieh  e  Is 


.  „(F'=24I 


Fig. 

J/'  , 


the  cornea)  the  ascertained  positions  of  the  cardinal  points  arc  represented. 
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A  ompbcalenlatioD,  given  At  p.  461,  ihowB  that  in  thii  cMean  infinite^ 
thin  cylindrical  leu  of  J- ,  with  a  wfckal  pontion  of  the  axis  placed  in- 

Q'O 

mediately  at  the  oornea,  can  make  the  cardinal  points  in  the  two  meriiiiant 

coincide. 

With  this  cornea  let  ns  now  combine  a  symmetrical  crystalline  lens  tliat 
of  the  ideal  eye  of  Helmholtz  at  rest)  with  focal  distance  =  43  707  mm.,ns 
ciprocal  distance  of  it«  two  principal  points  ss  0-2283,  and  distance  of  Ihoe 
principal  points  from  the  apex  of  the  cornea  ss  ^7076  and  5*0356.  Tke 
calcnlation  of  the  combined  system  gives  for  the  positioa  of  the  cardiaal 
puint^,  reckoning  from  the  i^ex  of  the  coniea»  in  the  two  prineipnl 
dians  B  and    ti^  following  lesolts: — 

Anterior  focus   ------  ^' 

First  principal  point    -   -   -   -  A' 

Second  principal  point     -    -    -  A' 
First  nodal  point    -----  A' 

Second  nodal  point     -    -    •    -  ik* 
Posterior  focus 
ConHequcntly, 

the  posterior  fbeal  distance  F's  A'  / 
„  antvior    ^        n  F^ACf 
In  order  to  represent  the  systems  diagramatically,  I  here  add  Fig*  161^ 
ahowingf  for  B  and  ▼ : — 

I.  The  cardinal  points  of  the  cornea; 
TT.  Those  of  the  crystalline  lens; 
III.  The  united  dioptric  system  ; 
and  Fig  161,  in  which  No.  Ill  of  ii  and  V  stand  one  under  the  other*  of 
double  size,  and  are  more  easily  compared. 

The  knowkdf^e  of  the  cardinal  jxjints  ])lace8  us  in  a  position  to  be  able 
to  investigate  the  vision  of  astigmatic  individuals  in  more  than  one  rts»pt<t. 

In  the  first  place,  as  concerns  the  acuteness  of  vision,  in  H  ^"  lies  158 
mm.  behind  of  Y.  Therefore,  if  rays  proceeding  from  a  given  point  have 
come  to  a  focus  in  in  B  they  are  still  1-58  mm.  from  their  fiwua.  Itit 
evident,  that  the  acuteness  of  vision  must  thence  suflfer  very  much*  A  mors 
definite  representation  of  this  is  ohtained  from  the  magnitude  of  the 
diflhsion-imagcs.  We  have  them  calculating  (compare  Hdmholts*  method, 
L  e.  p.  98),  at  an  average  size  of  the  pupil  oS  4  mm.  (corresponding  to  i 
magnitude  of  its  lenticular  image  =  4-23  mm.),  and  a  position  of  the 
plane  of  the  pupil  at  3-6  mm.  (that  of  its  lenticular  image  3-713)  behind 
the  apex  of  the  cornea.  If  the  retina  lies,  in  ^"  of  v,  at  21  20  mm.  behind 
the  cornea,  parallel  incident  rays,  converging  in  v,  come  to  a  focus  on  the 
retina,  while  those  converging  in  li  reach  the  retina  at  I  TtH  mm.  before 
their  point  of  union.  For  their  diffusion-image  on  the  retina  we  found  a 
length  of  0-;i4U4  mm.,  corresponding  in  this  meridian  to  a  visual  angle  of 
1^24-2. 

If  the  retina  lies  in  of  H,  at  22-1423  behind  the  retina,  then  the  raji 
converging  in  ▼  have  already  intersected  at  1*68  mm.  in  front  of  the  letiDa, 
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Jid  in  tlie  diameter  and  position 

XI 

of  the  pupil  assumed  above,  the  difiuaion- 
Fig.  160. 

*  r 

 1  1 
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image  is  then  =  0'3808,  corresponding  in  this  meridian  to  a  visual  angle  of 
l«'2o'7. 

Fiiudlr,  when  the  retina  lies  at  22*018  mm.  behind  the  apex  of  the  cornea, 
the  lineir  diflbnon-images  in  T  and  H  are  equal,  amounting  to  0*18222  mm. 
In  this  poaition,  therefore,  the  retina  recetTea  that  part  of  the  focal  interval 
where  Ihe  difltaaion-image  ia  nearly  a  circle.  The  diameter  thereof  ezhflnta 
itielf  in  the  horizontal  meridiaii under  anaiigleof  4r*8^  in  the  vertical  under 
an  angle  of  43^*4.  If  we  bear  in  mind  that  in  perfeet  acnteneea  of  viaion 
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letters  are  recoguiaed  under  an  angle  of  6f,  we  can  form  an  idea  to  what 
extent  the  circlee  of  difTusion  mentioned  most  interfere  with  correct  s: 

We  shall  obtain  a  still  better  point  of  comparison  by  calculatiiig  the  ac- 
commodation requirt'd  to  make  ^"  of  H  fall  where,  in  the  eye  at  rest,  ia 
found  in  v ;  in  other  wordj»,  to  nee  with  acateneas  alternately  vertical  and 
horizontxil  lines. 

I^t  us  suppose  llie  eye  cmiiK tropic  in  V  (tlie  rdina  lying-  ut  21-2023  mm. 
behind  the  upex  of  the  cornea)  und  consequently  hyperuietrupic  in  il,  and 
let  U6  hnd  that,  to  neutralise  this  degree  of  hypenuetropia,  a  lens  (standing 
In  the  air,  its  nodal  point  coinciding  with  V  of  H)  of  176*8  mm.  =  e^SY 

focal  dutance  is  required«  conaequently  that  there  ia  hypenuetropia  of  -g^* 

capable  of  beiug  counteracted  by  an  accommodation  of  ^  Vjj*  now  the 


aooommodation  neoeasarily  takes  place  in     whereby  for  thia  plane 
becomes  =  12-857  mm.  and  F'  =  17-183  mm.,  and  horizontal  lines  appear 
distinct  at  the  diftftn^v*  of  176*8  mm.  =  6*53'.    While,  therefore,  bj 

aecommodatiQO  of  4.  .  Hbeoame  enmietrDpic,T  aaramed  «  myopia  of 

O-oJ  0*t>0 

Hence  it  may  be  dedooed,  that  in  an  accommodation  of  about     the  re- 

19 

tina  ccnrreBponds  to  the  middle  of  the  focal  interval,  the  difihaion-image 
being  a  drcle  of  difltaaion  of  about  the  same  magnitude  as  a  aymmetrieal 
eye,  accommodated  for  od,  peroeiTea  of  an  object  placed  13^  from  the  eye^ 
or,  when  accommodated  ibr  the  distance  of  IS*,  sees  of  infinitely  remote 
objects.  By  looiking  at  dirtant  object^  while  the  eye  is  by  glasses  rendered 

L  myopic  or  hypermetropic  (and  in  the  latter  case  refraining  from  tension 
IS 

of  accommodation),  we  can  observe  in  ourselves  the  disturbance  proceeding 
from  the  circles  of  diHu-sion  already  mentioned.    Obtained  in  this  manner, 
it  appears,  lunvever,  to  be  somewhat  greater  than  in  astigmaties,  which  is 
partly  to  be  atieribed  to  tliis,  that  the  latter  by  some  play  of  accommodation 
can  make  the  difiusion-iinu^es  alter  their  form  and  combine  the  vertical 
and  horizontal  lines  thus  alternately  more  distinctly  perceived.  Moreover, 
the  light  is  less  uniformly  distributed  in  the  diffusion-images  of  astigmatic 
indiTiduals,  and,  in  fact,  more  advantajreously  in  the  postorior  part  of  the 
intenraL  hi  general,  too,  the  diAunon-images,  on  account  <^  their  dis- 
itinuity  (the  result  of  the  irregular  astigmatism  of  the  crystalline  lens), 
y  cau.sc  less  disturbance  than  should  be  the  case  if  they  were  h<miogaieoos. 
As  has  been  above  remarked,  the  retinal  images  are,  for  like  dimen- 
ma  of  the  objects,  not  of  equal  nuignitude  in  a  horizontal  and  vertical 
rection.    If  the  projection  corresponds  in  all  meridians  to  the  magnitudes 
f  the  retinal-imafi^es  (which  is  doubtful),  like  dimensions  of  the  objects 
do  not  apj)ear  ( (jually  large  in  the  ()j)posite  meridians.    The  nia^jnitude  of 
the  retinal  inia^'t  ^.  is,  now  tliat  we  have  become  aci[uainte(l  witli  the  posi- 
l^ou  of  the  cardinal  points,  easily  compared.    As  the  di>tanee  of  the  objecta 
Very  considerable,  relatively  to  the  reciprocal  distances  of  the  nodal  points 
1  w  tile  distance  1<f  f%  we  may  assume  that  the  magnitudes  of  therettoal 
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images,  in  alternate  ucconimodation  in  the  two  principal  meridians,  are 
proportionate  to  the  distances  k'  ip!"  in  n  and  in  v.  Supposing  that  the 
letiiia  lies  22*8432  mm.  bdiind  the  oomea,  the  distances  }<f  in  the  two 
•ysteme  will  be  14-241  and  15*268,  therefore  as  1 :  1*0721.  In  this  ft  is 
assmned  that  in  the  aoeommodation  oimtinaes  bound  to  its  place,  whieh 
is  not  indeed  exactly  coneot,  bnt  yet  inToWes  no  inaoonraey  of  importanoe. 
The  difference,  theieibie,  in  the  two  prindpel  meridians,  of  the  magnitude 
of  the  retinal  images  for  equal  dimensions  of  the  objects  seems,  In  aoea- 
ratc  accommodation,  to  be  considerable.  That  with  this  the  change  of  the 
magnitudes,  another  doj)ending  on  the  diffusion-images  may  be  combined 
(either  increasing  or  compensating  the  difference),  has  been  already  above 
sufficiently  explained. 


§  36.  Diagnosis  ov  Abnormal  As tiomatism,  and  Dii rEaiiiNATiON 

Of  ITS  Degilee. 

In  the  phenomena,  of  which  the  preceding  section  gave  a  review, 
the  diagnosis  of  astigmatism,  and  even  the  determination  of  its 
degree,  is  already  included.  It  appeared  to  me,  however,  not  super- 
fluous to  examine  the  methods  of  investigation  thence  deducible, 
with  reference  to  their  value  and  utility,  and  to  indicate  the  course 
which  leads  easily  and  certainly  to  satisfactory  knowledge. 

In  the  anomaly  under  consideration,  the  subjective  examination 
first  presents  itself.  In  the  acuteness  of  vision  under  difiefent  con- 
ditions, we  find  the  desired  indication.  Of  this  I  shall,  therefore,  in 
the  first  place  treat.  Finally,  I  shall  briefly  point  out  the  objective 
signs,  which  may  cause  the  existence  of  astigmatism  to  be  suspected, 
or  even  diagnosed  with  certainty. 

A.  Subjective  int'estigation. — Absence  of  the  noritial  arutencAS  of 
visum  supplies  the  first  indication.  If  the  disturbance  has  existed 
from  youth,  almost  unidtered  and  in  equal  degree,  without  striking 
variations,  there  is  reason  to  suspect  that  astigmatism  is  the  cause. 
It  is  even  exceptional  to  find  this  suspicion  refuted  by  investigation. 
If  the  practitioner  choose,  a  few  questions  may  be  put,  as  to  the 
distinctness  of  horizontal  and  of  vertical  lines,  at  a  greater  or  less 
inclination  of  the  head.  Much  time  should  not,  however,  be  lost  in 
doing  so,  but  recourse  should  be  had  to  the  systematic  investigation. 

1.  In  every  diminution  of  acuteness  of  vision^  we  begin  by  deter- 
mining its  degree  (see  p.  188).  W  e  must  remember,  that  in  high 
degrees  of  myopia,  for  more  than  one  reason,  perfect  acuteness  of 
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vision  is  luoallj  not  met  with.  A  certain  amount  of  imperfectioii  in 
myopia,  therefore,  affords  leas  reason  to  snspect  abnormal  astigma- 
tism.  Nevertheless  the  trial  dionld  be  made. 

2.  Let  then  imperfect  acuteness  of  vhoon  be  fbund.    We  tuut 

nmp  first  deter  mint  y  in  ir  hat  direction  the  principal  meridians,  that 
the  ni(i.rimi(rn  and  hiinnnum  of  curvature y  are  situated.  For  this  pur- 
pose we  make  use  of  a  remote  point  of  light.  In  my  consultation- 
room  one  of  the  wiodow-panes  is  of  dull  glass.  In  front  of  the 
centre  of  this  ^ss  is  a  hiack  hoard,  35  centimetres  (13*77  £ngh$h 
inches)  square:  in  the  middle  of  the  board  is  a  perforated  metaliic 
plate,  before  which  a  diaphragm  can  be  pushed,  with  openii^  d 
from  i  to  10  mm.  in  diameter.  Hie  patient  ahoold  now  be  diredei 
to  look  towards  an  opening  of  from  2  to  4  millimetres  in  diameter, 
at  a  distance  of  from  10  to  15  feet,  while  by  meaus  of  glasses  wc 
cause  slight  myopia  to  alternate  with  hypermctropia  (comjiare  p. 
470).  Even  in  the  normal  eye,  an  extension  of  the  diffusion-image 
isj  on  this  exanuDation,  usually  observed  in  two  opposite  directional 
indicating  the  maximum  and  minimum  of  curvature.  But  in  ab- 
normal astigmatism  this  is  particnlarlj  striking. — Subsequently  I 
found,  that  we  obtain  a  still  better  xcanlt  by  determining^  in  what 
direction  of  the  axis  of  the  most  neutralising  cylindrical  glass  the 
patient  sees  best. 

3.  We  have  thus  ascertained  the  direction  of  the  principal  meri- 
dians. \ye  should  now  examine,  whether  the  r<ii/s,  belonging  U>  thrjt^, 
form  more  accurate  images  than  those  from  the  irhole  refracting 
surface.  For  this  purpose,  we  should  hold,  successively  in  e;ich  of 
the  principal  meridians,  the  slit  of  a  8tenop[eic  apparatus,  aet  to  the 
hreadth  of  1  or  2  mm.,  and  ascertain  whether  the  acuteness  of 
vision  be  thereby  increased.  If  not,  we  should  then  try  tiie  additioD 
of  ordinary  positive  and  negative  glasses,  for  the  employment  of 
which  we  shall  already  have  found  opportunity^  in  the  examination 
mentioned  under  1.  If,  even  with  the  aid  of  these,  no  grestrr 
acuteness  of  vi.sion  be  obtained,  than  existed  without  the  use  of  the 
slit,  it  is  almost  certain  that  astigmatism  is  not  to  he  considered  as 
the  cause  of  the  disturbance.  Only  when  the  dctrree  is  slight,  the 
acuteness  of  vision  still  amounting,  for  example,  to  can  the  result  be 
uncertain ;  on  the  one  hand,  because  looking  through  a  slit  in  itself 
produces  some  disturbance,  on  the  other,  because  in  this  ezperimeot 
the  astigmatism  is  not  completely  removed. 

4.  Let  there  be  improvement  of  acuteness  of  vision ;  theezistenee 
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of  abnormal  astigmatism  is  tliereby  proved.  Nowr  the  question  is  : 
wJkal  ii  the  state  of  refraction  in  each  of  the  principal  meridioM  f 
This  appears  from  the  strength  of  the  positive  or  iMigative  glass, 
with  which  in  each  of  these  meridians  the  greatest  acateness  of  vision 
is  obtained*  We  usually  find  for  both  a  certain  d^ree  of  ametropia. 
It  is  now  of  importance,  accurately  to  determine  this  degree.  By 
this  determination  our  object  is  attained.  The  degree  of  astigma- 
tism is  inc  luded  in  it.  The  determination  is  unattended  with  difficulty, 
when  a  certain  degree  of  miopia  exists  in  both  principal  meridians : 
the  weakest  negative  glass,  with  which  the  greatest  acuteness  of 
viaioa  is  obtained,  is  in  that  case  a  sufficient  measure  of  it.  But  if 
hypermetropia  be  found  in  one  or  both  meridians,  it  is,  at  least  in 
the  case  of  young  persons,  probable,  that,  by  the  simple  proof,  the 
degree  is  not  accurately  shown.  For  involuntary,  almost  spasmodic 
tension  of  accommodation  conceals  in  part  the  existing  hypermetropia, 
and  causes  the  indication  of  a  too  weakly  positive  glass  for  total  cor- 
rection. Were  tlie  tension  unaltered  in  the  subsequent  determination 
for  the  two  principal  meridians,  at  least  the  difference  of  refraction, 
and  therewith  the  degree  of  astigmatism,  would  be  known.  But  this 
equality  of  tension  is  not  to  be  expected.  Moreover,  it  is  not  suffi* 
dent  to  know  the  degree  of  astigmatism,  it  is  also  necessary  to  know 
thai  of  the  hypermetropia  in  the  two  principal  meridians.  Now  this 
knowledge  is  certainly  and  accurately  obtained  only  by  repeating  the 
experiments  during  artificial  paralysis  of  accommodation  produced 
by  means  of  a  mydriatic :  the  hypermetropia  can  then  neither  wholly 
nor  j)artially  remain  latent ;  it  necessarily  exhibits  itself  entirely  as 
manifest  hypermetropia. 

5.  In  reference  to  astigmatism  we  desire  to  know  : — 

Oj  its  existence ; 

b,  the  direction  of  the  principal  meridians,  those  of  the  maximum 
and  minimum  of  refraction; 

c,  the  refractive  condition  of  the  ^  in  each  of  these  meridians ; 

d,  the  degree  of  the  astigmatism. 

Bespecting  a  and  b,  we  obtained  information  under  8,  respecting  e 
under  4.  It  remains  further  to  sliow  how  d  is  thence  to  be  deduced. 
The  matter  is  simple:  the  degree  of  asfii/mafism  is  found  from  the 
difference  of  refractum  in  the  ttPO  principal  meridians.  This  shall 
b(?  illustrated  by  some  examples,  in  connexion  with  the  three  forms 
of  astigmatism  which,  from  the  point  of  view  of  refraction,  must,  I 
think,  be  established. 

31 
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I. — Myopic  cuHgmatum,  to  be  distinguished  into  : — 

a.  Simple  Am,  with  M  in  the  onc^  E  in  the  other  meridian. 
Thus  let  there  be  : — 

la  the  principal  meridian  emmetropia. 

ti  a  99  1£  ™  |> 

tiien  there  exists  simple  mjopic  astigmatism 

Am  =  '  —     =  ^ 

6      oo  G' 

b.  Compound  mjopic  astigmatisin,  or  myopia  with  astigmatism, 
M  -I-  Am,  M  existing  in  both  principal  meridians. 

Thus  let  there  be : 

In  the  principal  meridian    M  =  ^ 

99  99  99  '^9^  ^  W 

we  then  hare  M  s 

And  moreover,  Am  =  ^  —  ^  =  ^tobe  written  as  ; 

Vir-^Hyperm^ropie  a$iiffmaium,  likewise  to  be  distingniahed  as : 

a.  Simple  Ah,  with  H  in  the  one,  £  in  the  other  piindpal 

meridian. 

In  V  let  there  be  E. 

In  H  let  there  be  H  =  J, 

then  there  exists  simple  hypermetropic  astigmati^im 

b,  Compotmd,  being  H  with  astigmatism,  H  +  Ah,  H  cxistaig  is 

the  two  principal  meridians. 

In  H  let  H  =  J. 

In  V  let  H  =  ^. 
We  thus  find  H  =  A. 
and  moreover.  Ah    ^  —  ^  ^ 

and  therefore  wiite^ 


4^ 


« — MtMd  Mii^nuUim,  with  M  in  the  on^  H  in  the  otber  mni- 

dian. 

Of  this  we  may  distinguish  : 

a.  Mixed  astigmatism,  wUA  predominarU  mycfpm,  Amh. 
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Invlet  M  »  ^. 

In  H  let  H  =  ^. 
Thus  we  find, 

12  ^     24  8 
Mixed  astigmatism^  wiU  predominatU  kj/pemetrapta,  Ahm. 

In  V  let  M  =  ^; 

Ahm  =  irM+iH=s. 

The  abofe  is  in  general  sufficient  for  the  diagnosis  and  deter- 
mination of  tlic  degree  of  astigmatism.  The  iiu  thod  recomiiuiuls 
itself  by  its  simplicity  and  facility  of  application.  In  general  it 
deserves  to  be  })rcfcrred  to  any  of  the  following  modes.  Only  the 
coutrol  described  under  8  must  not  be  omitted.  This  is,  properly 
speaking,  nothing  more  than  trying  whether  the  glasses  employed 
in  the  iiiTestigatioD,  described  onder  4,  are  really  soitahle.  If  the 
control  proves  accunte,  tlie  investigation  in  the  condition  of  artifi- 
cial paralysis  may,  even  where  hypcrmetropia  exists,  for  the  most 
part  be  omitted. 

The  methods  still  to  he  described,  come  under  consideration  ill 
particular  cases.  They  cannot  be  passed  over  in  silence,  least  of  all 
tliat  of  Stokes,  wliieh,  for  its  ini^enuity,  deserves  to  be  known,  and 
also  sometimes  yields  good  service.  Employed  as  a  control,  it  cer- 
taiidv  affords  the  most  accurate  indication. 

6.  Modified  method  of  Young. — Toung  determined  the  distance 
at  which  tiie  doable  images  of  the  wire  of  his  optometer,  in  accom- 
modation for  the  farthest  point,  hdd  alternately  vertically  and  hori- 
zontally, appeared  to  intersect.  The  method  may  be  applied  in 
myopic  individuals,  bnt  gives  too  high  a  result  (conf.  p.  451). 
Moreover,  the  directions  of  the  principal  meridians  must  first  be 
found,  according  to  the  method  described  under  2,  in  order  to  admit 
of  the  determination  of  the  inclinations  of  the  optometer,  at  which 
the  observation  is  to  be  made. 

7.  Method  <^  Airy. — ^lliis  is  appHcable  only  where  a  tolerably 
high  d^ree  of  myopia  exists  in  the  two  principal  meridians,  which 
was  the  case  with  Airf.  As  point  of  light  a  small  opening  in  an 
opaque  disc  is  employed,  tomed  towards  the  light  of  the  sky,  to- 
wards a  doll  glass  or  the  globe  of  a  lamp,  and  this  is  moved  along  a 
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gnduated  scale,  for  example^  that  of  the  optometer.  We  then  find 
a  greatest  distance^  at  which  the  point  of  light  appears  as  the  most 
slender  lin^  and  a  shortest  distance  at  which  it  again  hecomes  a  thin 
line,  perpendicular  to  the  first.  The  distances  then  give  about  the 
degrees  of  myopia  in  the  principal  meridians. 

If  it  l>e  desired  to  nj)j)lv  this  and  the  preceding  methods  to  non- 
myopic  subjects,  tile  eye  must  be  rendered  myopic  by  a  suitable  con- 
vex glass.  In  this,  however,  the  difficulty  presents  itself,  that,  if 
the  axis  of  the  lens  does  not  accurately  coincide  with  the  yisual  axisy 
the  astigmatism  undeigoes  a  modification. 

Moreover^  in  both  cases  the  acoottimodatioli  most  remain  at  rest 
This  can^  howerer,  scardely  ever  be  aceomphshed,  and  therefore 
in  the  minority  of  instances^  this  method  leads  to  inoonect  resnlta. 

8.  Modified  method  of  Airy. — In  order  to  meet  the  last  difficulty, 
the  accommodation  may  be  paralysed  by  means  of  a  mydriatic.  In 
strong  myopia  Airv's  method  then  affords  tolerably  fair  results. 
But  if  no,  or  if  only  slight  myopia,  exists,  a  remote  point  of  light 
deserves  the  preference.  Thereby  we  avoid  the  trouble  connected 
with  the  use  of  strong  lenses.  To  obtain  a  more  accurate  result, 
I  made  use  of  a  very  small  point  of  lights  produced  by  the  reflexion 
of  an  illuminated  little  round  opening  upon  a  convex  mirror.  In 
some  cases  it  was  then  satisfiictorily  ascertained,  with  what  spherical 
glasses  the  point  of  light  appeared  as  the  slenderest  streak,  successively 
in  two  opposite  directions.  In  the  majority  of  instances,  on  the 
contrary,  this  remained  undecidt d.  The  cause  of  this  lies  in  the 
irregular  astigmatism,  wliich  excludes  defined  lines  as  diffusion- 
images*  Usually,  secondary  lines  rapidly  shot  out,  even  before  the 
principal  line  had  become  slender,  in  different  directions,  preventing 
an  accurate  determination  of  the  glass  required.  Only  in  absence  of 
the  crystalline  lens>  whereby  the  irregular  astigmatism  was  remoTed, 
did  the  results  attain  perfect  aocunu^. 

Instead  of  a  very  small  reflected  point  of  light,  we  may  employ  an 
opening  of  from  1  to  2  mm.  in  diameter,  such  as  is  to  be  obtained 
by  means  of  the  board,  described  at  page  45.  Cases  of  aphakia  ex- 
cepted, the  results  thus  obtained  are  not  inferior  to  those  where  the 
reflected  point  of  light  is  used. 

9.  Investigation  with  cyUndrical  leMee. — While  at  a  distance 
t  letters  without  or  with  the  best  chosen  spherical  glass,  are  being  seen 

as  distinctly  as  possible^  we  take  a  positive  cylindrical  glass  of  aboot 
1^1^  and  turn  it  round  before  the  eye.   If  astigmatism  exists,  it  is 
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observed  tliat,  in  a  definite  position  of  the  glass  (while  the  cuivatiite 
of  the  cylindrical  glass  coincides  with  the  meridian  of  stiongest  cnr- 
vatnie),  the  acateness  of  vision  greatly  diminishes,  but  that  in  a  posi- 
tion perpendicular  thereto^  it,  on  the  contrary^  increases.  The 
acuteness  of  vision  now  often  becomes  still  greater  on  approximating 
the  object:  the  eyhiidiical  glass  may,  in  correcting  the  astigmatism, 
have  rendered  the  eye  myopic.  We  may  now  further  try,  with  what 
strength  of  cyHndrical  glass,  always  held  in  the  most  advantageous 
position,  the  greatest  acuteness  of  vision  is  obtained,  which  must 
always  he  tested  by  diiference  of  distance  of  th^  letters,  or  by 
combination  with  spherical  glasses.  We  then,  however,  obtain  at 
last,  with  the  sacrifice  of  much  time,  oqly  a  moderate  result. 

The  metbo4>  although  thus  in  itself  objectionable,  is  very  well 
adapted  to  control  the  results  obtained  by  that  described  under  4-  The 
latter  shows  from  what  combination  of  spherical  and  cyUndrieal  glasses 
the  greatest  acuteness  uf  vision  is  to  be  expected,  and  we  should  never 
neglect  to  try  this,  nor  omit  a  comparison  with  slight  modification 
of  the  lenses,  We  shall  thus  always  be  able  to  congratulate  our- 
selves OQ  a  more  complete  in^provemeut  qf  the  acuteness  of  vision, 
than  was  obtained  by  the  use  of  the  slit,  which,  if  it  be  too  narrow, 
takes  away  much  }ight  and  is  obstnictive  by  diffiractipUj  and  if  it  be 
too  wide,  very  imperfectly  corrects  the  ^stigmatismt 
.  10.  Meikod  of  Sloh!9^ — :The  distinguished  Secretary  of  tihe  Boyal 
Society  had  very  well  seen  that  Air/s  method  co^ld  lead  to  satis- 
factory results  only  when,  together  with  the  successive  determination 
of  the  farthest  points  of  distinct  vision  in  the  two  princi])al  meri- 
dians, the  condition  of  accommodation  of  the  eye  underwent  no 
change.  By  his  n^ethod  this  ditticulty  is  removed.  He  proposes  to 
define  the  degree  of  astigntatism,  by  means  of  an  astigmatic  lens, 
the  action  of  which  can  be  regulated  in  a  manner  as  simple  as  it  is 
ingenious,  so  as  to  make  it  assume  precisely  the  degree  by  which  the 
astigmatism  of  the  eye  is  corrected,  I  have  had  such  lenses  prepared, 
and  give  the  description  of  the  instrument,  with  the  arrangement 
which  appeared  to  me  most  advantageous ;  the  principle  is  precisely 
that  of  the  ast'ujmat'ic  lens  of  Stokes,  which  name  may  also  be 
given  to  the  instrument.  It  consists  (Fig.  162b,  exhibiting  a 
section)  of  two  cylindrical  lenses,  the  one  plano-convex  I  of  w,  the 
other  plano-concave  /'of  —  ^,  Tlie  tirst  is  fastened  into  a  broad 
copper  ring,  K,  the  last  into  K',  which  rings  at  sr  are  fitted  to  one 
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Fig.  162. 


aiiailier»  and  can  turn  past  one  another  aroond  their  ana.  At  the 
same  time,  therefore,  the  lenses  If  also  rotate  past  one  another; 

they  are  turned  with  their  flat  surfaces  towards  each  other,  leaving 
a  very  small  int<»rspace.  Fig.  162  A,  represents  the  instruraeut, 
seen  on  the  outer  surface.  It  will  be  observed  that  on  K  an  index  i 
occurs,  on  K'  a  graduated  scale.  If  the  index  points  to  0'  or  to  1 80", 
the  axes  of  tlie  two  cylindrical  lenses  are  parallel :  the  section  of 
the  lenses  appears  then  as  in  B,  so  (hat  when  united,  they  may  be 
t^^arded  as  a  concavo-convex  cylindrical  lens,  with  equal  radius  of 
corvatore  of  the  two  planes,  whose  action  is  about  »  0.  If  the 
index  points  to  90**  or  to  270'',  the  axes  of  the  cylindrical  glasses 
stand  perpendicular  to  one  another.  At  the  same  time  the  system 
has  its  uiaxitnum  m  of  astigmatic  action  :  n  plane  of  parnllel  my« 
of  light,  coincidiiii^  with  the  axis  of  /,  will  undergo  no  deviation 
through  f,  but  through  /'  will  be  made  convergent  to  its  focus,  sirii- 
ated  at  10' ;  on  the  cout  rary,  a  plane  of  parallel  rays,  coinciding  with 
the  axis  of  t,  are  made  divergent  through  /,  as  if  they  came  from  a 
point,  situated  10'  in  ^nt  of  the  lens,  and  through  i  do  not  deti- 
ate  further  from  this  ooune.  In  the  one  meridian  we  thus  obtain 
an  astigmatism  of  ^  in  the  opposite  of  ^  ^  and  the  astigmatism 
m  of  rays,  refracted  in  this  position  of  the  lenses,  therefore  amounts 
to  \.  It  thus  appears,  that  by  turning  round  from  0°  to  90'  the 
astigmatism  ascends  from  0  to  J ,  and  by  a  simple  formula. 

As  =  )n  sin  a, 

we  can  calculate  the  astigmatism  for  each  angle  a,  which  the  axes  of 
'  the  lenses  make  with  one  another.  For  the  sake  of  convenience  definite 
es  of  astigmatism  are  directly  given  upon  the  instrument^  ren- 
the  calculation  unnecessary. 
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It  is  easj  to  see  the  use  which  may  be  made  of  tliis  instrument. 
If  any  one  fails  to  obtain,  with  the  most  satisfactory  accommodation 
or  reduction  for  distance,  the  normal  acuteness  of  vision,  and  if  we 
suspect  the  existence  of  astigmatism,  we  set  the  instniment  about  at 
the  degree  of  astigmatism,  which  the  disturbance  of  vision  leads  us 
to  suspect  (rather  somewhat  too  weak  than  too  strong)^  and  cause  it, 
while  the  eje  is  steadily  fixed  upon  the  distant  letters,  to  turn  round 
before  the  eye.  If  improvement  be  now  observed  in  a  particular 
poaitioiiy  tlia  action  of  the  astigmatic  lens  can  be  increased  or  dimi- 
nished in  the  manner  above  described,  until  the  maximum  of  distinct- 
ness is  obtained ;  but  this  change  requires  again  another  position. 

We  slioukl  not,  however,  imagine  that  our  object  has  been  thus 
altogether  attained.  The  eye  is  now  seldom  properly  adjusted  for 
the  distance  at  which  the  letters  are.  The  astigmatic  lens  makes  the 
eje  in  the  meridian  of  maximum  of  curvature  incline  as  much  to 
hjpermetroplay  as  it  does  in  the  meridian  of  minimum  of  eurvatoie 
to  myopia,  and  emmetropia  (distinct  vision  at  a  distance)  will  there- 
foro  be  obtained  ooly  when  the  eye^  without  the  astigmatic  lens,  had 
selected  a  glass  whereby  it  was  reduced  in  its  two  principal  meridians 
to  an  equal  degree  of  ametropia  (either  myopia  or  hypcrmetropia). 
Sometimes  this  is  com})lctely  accomphshed,  and  the  object  is  then 
immediately  attained.  But  experience  shows  that  this  is  the  excep- 
tion. In  general,  in  correcting  the  astigmatism  a  slight  degree  of 
ametropia  remains,  and  this  again  suggests  the  question,  whether 
the  astigmatism  has  been  corrected  as  perfectly  as  possible^  or  not^ 
If  any  myopia  remains,  this  can  immediately  be  demonstrated  by 
approximating  the  object;  and  if  the  latter  be  now  more  acutdy 
seen,  the  action  of  the  astigmatic  lens  can  be  more  accurately  set  and 
arranged  :  however,  when  in  this  manner,  after  a  long  search,  an 
accurate  result  is  oht<iined,  a  tolerably  detailed  calculation  is  still 
necessary  to  deduce,  from  the  spherical  glass  used,  from  the  astigmatic 
action  of  the  lens  and  from  the  greatest  distance  at  which,  with  this 
system,  acute  vision  is  obtained,  the  ametropia  in  the  two  principal 
meridians — a  knowledge  which  we  need.  But  if  hypennetropia  le- 
maiuB^  there  is^  unless  the  accommodation  provide  for  it,  no  distance 
diaeovenhle,  at  which  sufficiently  acute  virion  is  obtained,  perfioetly 
to  regulate  the  astigmatic  action  of  the  lens,  so  that  in  that  case  the 
addition  of  a  second  spherical  (positive)  lens  is  required,  to  bring 
acuteness  of  vision  at  a  distance  to  its  maxiiiiuin. 

From  all  the  foregoing  it  appears,  that  the  method  is  not 
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applicable  in  practice.     Tt  answera  best  wben  the  eye  is  by  spherical 

glasst'S  reduced  to  a  crrtain  degree  of  invopia,  and  it  is  then  tried  for 
near  objects,  witli  what  action  of  the  astigmatic  lens  the  person  can 
best  read.  In  this,  however,  it  is  more  difficult  to  take  care  that 
the  lenses  he  held  perfectly  centred  before  the  eye;  moreover,  the 
opinion  as  to  the  acuteness  of  vision  is  not  quite  certain^  and  at  all 
events  we  have  learned  only  the  degree  of  astigmatism,  but  bj  no 
means  tbe  le&action  in  each  of  the  principal  meridians. 

For  all  these  reasons  the  method  described  under  4.  deserves  tiie 
preferencej  and  the  astigmatic  lens  of  Stokes  is  principally  ayaOable 
only  as  a  means  of  control.  If,  for  example,  we  have  deduced  from 
the  results  obtained,  bv  what  spherical  glass  the  refraction  m  the 
two  principal  meridians  is  reduced  to  equal  degrees  of  ametropia 
(either  myopia  or  hypermetropia),  we  can,  mih.  the  aid  of  the  astig- 
matic lens,  with  great  accuracy  determine  the  degree  of  the  astig- 
matism, and  at  the  same  time  tiie  instniment  presents  the  advantage 
of  enabling  us  in  a  simple  manner  to  regulate  it  in  ita  action.  Its 
prectsion  will  even  enable  us  to*  discover  and  counteract  little  in- 
accuracies in  the  result  obtained  by  the  above-mentioned  metiiods. 

This  is  the  place  to  remind  the  reader,  that  above  (p.  468)  use 
has  already  been  made  of  the  astigmatic  lens  of  Stokes,  in  the  con- 
struction of  an  instrument  designed  to  make  the  phenomena  of 
astiguiatisni  in  very  different  degrees  visible  upon  a  screen.  What 
was  there  said  will  have  found  iu  explanation  in  the  statement  here 
given. 

B. — ^We  have  now  to  treat  briefly  of  the  objective  eipu  nf 
astigmatism. 

They  are  so  far  inferior  to  the  subjective,  that  they  usually  do  not 
exist  with  equal  certainty,  and  never  show  accurately  the  degree  of 

the  asymmetry.  But  they  derive  a  special  value  from  the  connexion 
in  which  they  stand  to  the  cause  of  the  atl'ection.  They  have  j)artly 
reference  to  the  form  of  the  eyeball.  Examination  with  the  oph- 
thalmoscope supplies  a  second  series  of  objective  signs. 

1.  Astigmatism  occurs  mostly  in  hypermetropic  individuals.  If 
diminished  acuteness  of  vision  exists  in  such  persons,  asymmetry  is 
generally  in  operation.  Hence  the  objective  signs  of  hypenaaetropis 
"  re  already  not  without  value  (compare  p.  252).  But  the  cornea 
affords  more  decisive  signs.  Sometimes  its  asymmetry  is 
'utely  recognised:  it  is  either  shorter  than  usual  in  the 
:al  measurement,  or  it  extends  farther  backwards  (as  the  result 
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of  greater  curvature),  so  that  the  section  between  the  cornea  and  the 
sclerotic  does  not  lie  in  one  plane.  In  other  cases^  the  difference  in 
magnitude  of  reflected  imagea  in  the  vertical  and  in  the  horizontal 
direction  atbracts  attention.  A  square,  for  example  the  board, 
above  mentioned  (p.  480),  is  represented  with  a  greater  transverse 
dimension.  The  asymmetry  of  tlie  cornea  is  then  thus  proved, 
and  that  of  the  entire  system  usvially  corresponds  to  it.  Even  in  the 
form  of  the  sclerotic  we  again  iind  this  diU'erence :  we  shall  often  be 
able  to  convince  ourselves  even  in  the  living  subject,  at  least  in 
hypermetropic  individuals,  that  the  verti(»d  axis  of  the  eyeb^all  is 
considerably  shorter  than  the  horizontaL 

2.  Examination  with  the  ophthalmoscope  a^rds  likewise  in  hyper- 
metropio  individuals  the  most  certahi  in^cation  of  the  existence  of 
astigmatism.  In  a  normal  eye  we  see  (unless  the  observer  be  him- 
self astigmatic)  the  vessels,  proceeding  in  different  directions  from 
the  optic  disc  equally  distinct  witli  equal  effort  of  our  accommodation. 
In  an  astigmatic  eye  this  is  no  longer  the  case.  We  then  observe 
that,  in  order  to  see  accurately  in  succession  the  vessels  running  in 
different  directions  near  the  optic  disc,  we  must  alter  the  state 
of  accommodation  of  our  eye.  The  pule  is,  that  the  emmetropic 
individual^  in  relaxation  of  his  accommodation,  observes  accurately 
▼esseb  running  horizontally ;  on  the  contrary,  to  see  vertical  vessels 
distinctly,  he  must  induce  tension  of  acviommodation.  The  explana- 
tion of  this  difierenoe  is  evident.  The  vessels  running  Tertically  are 
not  acutely  seen  until  the  rays  thence  diverging  in  a  hunzontal 
plane  are  brought  to  a  focus  in  the  eye  of  the  observer,  and  if  the 
observed  eye  be  hypermetropic  in  the  horizontal  meridian,  the  rays 
belonging  to  this  plane  maintain  outside  the  eye  a  diverging  direc- 
tion, so  that  tension  of  accommodation  is  required  on  the  part  of  the 
observer  to  bring  them  to  a  focus.  On  the  contrary,  the  rays  pro- 
ceeding from  horisontal  vesseb  in  the  vertical  meridian  will,  in  emme- 
tropia  in  this  plane,  outside  the  observed  eye  be  parallel,  and  these 
vessels  will,  therefore^  without  tension  of  aoeommodation,  appear 
distinct. — In  the  inverted  image  of  the  fundus  oculi  the  difference 
is  also  inverted,  but,  for  more  reasons  than  one,  is  less  perceptible : 
omitting  the  slighter  diU'erence  of  retjuired  accommodation,  it  is 
too  mnch  intluenred  bv  the  direction  of  the  axis  of  the  lens  held 
before  the  eye,  which  even  may  correct  the  difference. 

At  the  meeting  held  at  Heidelberg  in  1861,  Dr.  Knapp  called 
attention  to  a  second  phenomenon  in  the  fundus  oculi  in  astigmatio 
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penoni.  I  refer  to  the  variable  form  of  the  optic  diac.  In  the 
direction  of  the  meridian  of  greateat  corvatnre  the  dimeDtton^  n 
cxamiDiDg  the  non-inverted  image  appears  more,  in  that  q£  tfaa 
meridian  of  aligfatest  oiir?ataie  it  appeals  lem,  magnified;  the  levne 
obtains  in  examining  the  inverted  image.  If,  therefore^  in  exami- 
nation by  these  two  methods,  the  optic  disc  is  elongated  in  opposite 
direcliuu^i,  the  exii»leuce  oi'i\js  is,  as  Scbweigger^  remarked,  proveiLt 

§  37.  Cauak  ahu  S&^t  or  Abnojuul  Asnoic^TiaM. 

Abnormal  astic^matism  is  to  be  considered  as  a  higher  de^ne  of 
the  same  ininct rv,  which  belongs  to  normal  eves:  siiiiilaritv  ol 
seat  and  conforniity  of  direction  of  the  principal  meridians,  in  the 
two  cases,  atlbrd  the  proof  thereof. 

As  to  the  normal,  the  cause  is  in  general  for  the  most  part  to  be 
aonght  in  the  cornea ;  and  the  direction  of  the  principal  meridians, 
for  the  whole  dioptric  system,  as  well  as  for  the  cornea  in  partieoiar, 
is  of  that  nature,  that  the  meridian  of  maximum  of  cnrvatme  osoaBy 
approaches  to  the  vertical,  that  of  minimum,  to  tiie  horbontal. 

For  abnormal  dq^rees  of  asymmetry  the  same  rules  obtain.  What 
is  more,  they  here  present  siill  kss  of  exception.  If  in  norin.il 
astigniatiMn  it  is  nothing  nnusuul  for  the  meridian  of  the  maximuDi 
of  curvature  to  make  a  smaller  angle  with  the  horizontal  than  with 
the  vertical  plane,  in  abnormal  degrees  I  have  found  only  a  few 
examples  thereof.  And,  as  to  the  seat — if  we  leave  out  of  considera- 
tion a  few  cases  of  evident  ectopia  of  the  lens,  to  which  I  shall 
revert — each  disturbing  degree  of  astigmatism  was  combined  with  an 
extraordinary  asymmetry  of  the  cornea.  Precisely  the  high  degree 
of  this  asymmetry  explains,  why  it  preponderates  over  the  influence 
of  the  lens. 

The  subjoined  Table  contains  our  first  results  of  observation. 

•  Archiv  f.  Ophthalmologies  B.  ix.  p.  178. 

t  y  friend  liowman  recently  informs  me,  that  "  he  hns  been  somefiiDCt 
led  lo  the  discovery  of  rej^ular  asti^^nintism  of  the  cornea,  and  the  direction 
of  the  chief  meridians,  by  using  the  mirror  of  the  ophthalmoscope  niut  h  in 
the  same  way  as  for  slight  degrees  uf  conical  cornea.  The  obsei  valion  is 
more  easy  if  the  optic  disc  is  in  the  line  of  sight  and  the  pupil  large.  The 
mirror  is  to  be  held  at  2  feet  distance,  and  its  inclination  rapidly  varied,  ^ 
ai  to  throw  the  light  on  the  eye  at  small  angles  to  the  perpendicular,  and 
from  opposite  eides  in  sneeeaiioii,  in  snooeisive  meridians.  The  eim  of  flia 
pupil  then  SKhibits  a  semewhet  Unesr  ihsdow  in  soom  iMiidisiie  mlhff 
than  in  othen." 
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o- 

Name. 

e  1 

Sex. 

1 

Eye. 

1 

I. 
rod. 

11, 
rad. 

III. 

IV. 

V. 
As 

hor. 

vert,  i 

F'horiB. 

ssl  : 

1  

1 

mm. 
8  00 

I 

mm. 

7-29 

1 

VI. 

F. 

R. 

M737 

l-0()93 

10-78 

2 

>» 

L.  1 

7-80 

7-18 

1.1444 

1  0975  , 

20  04 

3 

I  Vo. 

H. 

^  1 

8*29 

7-56 

1-2168 

1*109 

0-43 

4 

1  " 

»i 

L.  1 

8-14 

7-67 

1*1943 

M25 

14*51 

5 

Br. 

I 

M. 

R. 

8  32 

7-30 

1  221 

1  071 

0374 

6 

♦  * 

L. 

8-38 

738 

1-2295 

1  083 

6-8U0 

7 

Ur.  Jr. 

U 

8-44 

7-69 

1-2383 

1-1283 

9-504 

8 

1  Pr. 

M. 

R. 

8-72 

713 

1*2794 

10461 

4-293 

9 

»» 

L. 

840 

7-25 

1  -2325 

1  0637 

6  811 

10 

M. 

R. 

7-93 

7-30 

1-1635 

1  1004 

15  18 

11 

Km. 

M. 

L. 

8-74 

804 

1-2814 

11 797 

11-02 

12 

>  Im. 

M. 

R. 

7-9lj 

7-34 

11679 

1  0770 

10-35  , 

13 

tf 

U 

8*28 

7*88 

1*2149 

1  1*0755 

7*018  1 

14 

M. 

L. 

8-29 

7-69 

1-2163 

11283 

11-67  , 

15 

Dr. 

M. 

R. 

7-69 

7-25 

11 283 

1-0637 

13-90 

16 

L. 

7*84 

7-26 

1  M503 

1  0652 

10-77 

17 

'  And. 

M. 

R. 

8-19 

7-50 

1*2017 

j  11004 

9-767 

18 

1 

'  iLen. 

»» 

L. 

8*1G 

743 

1-1973 

1*0902 

9*118 

19 

M. 

R. 

7-23 

11899 

1  1-0607 

7-310 

20 

Bch. 

M. 

R. 

891 

i  7-82 

1-3073 

1  MI74 

7019 

21 

tf 

1 

L. 

,  8-81 

7-96 

1-2927 

i  1-1679 

1  9051 

It  is  made  of  like  data,  and  calculateil  in  tlic  i-anic  nianniT  as  the 
Table  occurrintr  at  p.  4(50,  and  referrini;  to  normal  astigmatism. 
We  liud  here  2 1  cases  colkcted,  in  which  diminished  acutcuess  of 
vision  existed,  as  the  result  of  abnormal  astigmatism.'^ 

The  Table  Teqnires  little  explanation.  Of  the  five  columns  of 
fignfeSy 

L  ContaiiiB  in  milliindties  the  ladias  in  a  hoiiasontal  plane,  earned 
throngh  the  yisnal  line. 

II.  Id  millimetres  the  radios  in  a  vertical  plane,  carried  through 

the  visual  line. 

•  In  the  majority  of  these  cases  the  measurements  which  are  required  for 
the  calculation  of  the  elements  of  the  ellipse,  were  made  both  in  the 
vertical  and  in  the  horizontal  section.  I  pass  them  over  here  as  being 
less  pertinent  to  the  matter  in  hand.  I  shall  observe  only  that  the' eccen- 
tricity of  the  elliptical  section  in  the  vertical  meridian  usually  proved 
particularly  small.  It  also  deserves  to  be  mentioned  that,  especially 
when  hypermetropia  was  in  play,  the  visoal  line  almost  always  made  a 
ffKut  angle  (7*^  to  9**)  with  the  axb  of  the  oomea,  whioh  most  appear 
the  lew  strange  beeanse,  as  nnmeroos  measniements,  made  ia  connexion 
with  Dr.  Dojrsr,  hava  shown  ( VtnkgtH  m  MededeelUtgen  van  de  KonmU. 
Akadentie  van  WeUtmkappen,  1862),  the  angle  between  the  visual  lino 
and  the  axis  of  the  cornea  is  in  generali  in  hypsnnetropio  sabjeotSi  aon- 
nderable  (compare  p.  299), 
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ni.  In  Paiiflian  mohes^  the  poeterior  focal  distanoe  of  the  oomea 
in  I, 

IVt  In  Pariaian  inchea,  the  poateriof  focal  diatanoe  of  ibe  oonm 
in  II, 

V.  In  Paribiaii  inches,  the  focal  distance  of  the  cylindrical  lens, 
which,  in  the  requisite  direction,  placed  immediately  before  the  cornea 
would  makt^i  the  focal  distances  III.  and  IV.  equal.  The  degree  of 
astigmatism,  proceeding  from  the  ascertained  asymmetry  of  the  cornea 
is  therefore  1 ;  10*78, 1 :  g0'04,  &c.-^B.  signifies  the  light,  the 
left  eye.  In  some  persons  both  eyes,  in  otheia  only  one,  are  measmred. 
M*  atanda  for  the  male^  for  the  female  aez.  On  the  whol^  I  have 
found  the  aajminetiy  more  in  m^  ftan  ii^  wqmen;  of  the  latter, 
however,  comparatively  fewer  were  anhmitted  to  meaanrement. 

The  eye  discovers  at  a  glance  that  in  all  the  cases  the  radios  of 
the  cornea  in  tljc  vertical  plane  is  considerably  less  than  that  in  the 
horizontal,  that  therefore  the  form  of  the  cornea,  without  exception, 
accounts  not  only  for  a  high  degree  of  astigmatism,  but  also  specially 
for  an  astigmatism  with  shorter  focal  distance  in  the  vertical  meridian, 
— qnite  in  accordance  with  what,  likewise  without  e^ption^  waa 
ohaerved  with  respect  to  the  whole  dioptric  system, 

The  great  importance  of  the  aaymipetry  pf  the  cornea  ia  partien- 
larly  striking  on  comparing  the^'able  to  be  found  at  p.460«  containing 
the  results  of  observation  of  normal  eyes,  with  su^cient  acntenesa  of 
vision  :  the  maximum  of  asymmetry  occurring  here  is  still  below  the 
niiiiiinum  mcutioued  in  the  Table,  in  cases  of  abnormal  astigmatism, 
if  \vc  leave  out  of  view  ^o.  2  of  the  abnormal,  which  hfid  a  relatively 
slight  disturbance  (S  =  i),  and  No.  14  of  the  normal,  which,  on 
closer  examination,  yielded  no  perfect  acuteness  of  vision  (S  |). 

Another  question  ia^  how  far  the  crystalUne  lens  also  has  influence. 
In  my  original  Essay  upon  Aatagmatiam,  I  was  not  in  a  position  to 
ive  a  satisfactory  anawer  to  this  query.  The  investigations  recently 
ied  out  with  Dr.  Middelburg,  according  to  the  method  above 
iescriHed  (see  p.  462),  have  supphed  me  with  the  proof,  that  with  a 
%gh  dt'ijree  of  asj^minetry  of  the  cornea  Uiiymmetry  of  the  crystalline 
em  exisUf  acting  in  such  a  (hrectton.y  that  the  astigmatism  for  f hi 
jnhole  eye  is  nearly  a  I  troys  less  than  that  proceeding  from  the  cornea, 
J    The  subjoined  Table  (compare  that  at  p.  493)  contains  the  lesolta 
of  observation  and  of  calculation,  obtained  for  fifteen  eyes,  some  of 
^hich  were  determined  by  more  than  one  ohaerver.   The  obsenra- 
ahow: 
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I''.  That  the  degfee  of  astigmatism  for  the  whole  eye  (coluiim 
As^)  was  in  general  not  so  high  as  had  previously  been  found  by  Dr. 
Knapp  and  myself.  It  \va.<  uu  the  present  occasion  ascertained  by 
determination  with  the  steuopieic  slit^  with  cylindrical  glasses,  and 
with  Stokes'  lens^  the  avenge  of  the  results  obtained  bj  these  three 
methods  being  taken.  These  results,  when  the  acuteness  of  vision  was 
not  partieakri J  slight^  nsnaUjr  differed  bnt  little  from  one  another. 

2^  That  almost  invariably  (column  D)  hj^rmetropia  existed  in 
both  meridians  (the  sign  minus,  placed  before  the  numerical  valoes  of 
the  refraction,  signi6es  II). 

3^  Tliat  the  direction  of  the  meridian  of  maximum  of  curvature 
(colmnn  ())  is  far  from  uniform,  but  yet  in  twelve  cases  deviates 
less  than  20^  from  the  perpendicular,  and  only  in  two  cases  is  nearer 
to  0""  than  to  90^  (The  determination  was  effected  from  the  direction 
of  the  correcting  glass  requnedj  aecording  to  the  method  described 
at  p.  455,  which  is  more  accurate  than  thatformerlj  used). 

4**.  Thaty  in  connexion  with  the  most  commonly  oocuzring  diree^ 
tion  of  Mo»  with  the  exception  onlj  of  No.  18,  the  radius  of  curva- 
ture of  the  cornea  in  W  is  less  than  in  0°  (column  E),  and  even  in 
five  cases  the  maximum  of  curvature  is  fonnd  very  near  90". 

5°.  That  the  averaffe  of  the  measurements,  in  each  of  the  meridians 
obtained  thnniirh  intervals  of  15  degrees  (column  E),  No.  14-  excepti  d, 
exhibits  a  very  regular  sequence  in  the  ascertained  values  of  the 
radius  of  curvature.  (The  lesser  regularity  found  for  the  cornea 
with  normal  astigmatism  (compare  Table,  p.  466),  is  undoubtedly 
to  be  ascribed  to  errors  of  observation,  which,  with  the  alight  differ- 
ence of  the  radius  of  curvature  m  the  measured  meridians,  must  of 
course  be  much  more  evident  in  the  relation  of  the  numbers.) 

From  the  observations  of  the  radius  of  curvature  in  the  different 
meridians,  it  was  now  in  the  first  place  calculated,  to  what  meridians 
maximum  and  minimum  correspond  and  what  are  the  values  of 
maximum  and  minimum ;  whence,  further,  in  a  simple  manner 
(compare  p.  461)  the  degree  of  astigmatism  caused  by  the  cornea 
(see  column  F,  under  Ase)  was  then  found. — In  the  second  places  it 
was  now  calculated  what  the  degree  and  the  direction  of  the  asymmetij 
of  the  crystalline  lens  must  be^  in  order,  in  connexion  with  the  values 
ascertained  for  the  cornea,  to  elicit  the  direction  and  the  degree  of 
the  astii,nnat!8m  for  the  whole  eye.  In  column  H  the  results  of  this 
calculation  for  the  lens  are  inserted.  They  will  be  found  to  be  in 
accordance  with  the  general  result  formulised  at  p.  492. 
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In  particular,  we  sliJl  remark,  that  only  in  two  cases  does  the 
meridian  of  maximum  of  curvature  of  the  crystalline  lens,  M,,  approach 
rnore  to  the  vertical  than  to  the  horizontal  direction.  In  eleven  cases 
it  deviates  even  less  than  10^  from  the  horizontal  diiection4  It  thus 
appears  that  the  maximam  of  curvatore  of  the  lens  is  still  more  con- 
stant! j  governed  b j  the  horiaontal^  than  that  of  the  cornea  is  bjr  the 
vertical  direction.  Now  with  this  is  further  connected  the  focty  that 
ihe  astigmatism  of  the  cornea  is  almost  invariably  greater  than  that 
of  the  whole  eye.  But  at  the  sarae  time  it  appears,  that  we  should 
be  far  from  the  truth,  if  we  made  the  compensating  action  of  the 
crystalline  leos  equal  to  its  actual  astigmatismj  and  therefore  assumed 

Asi  =  ^     ^»   Tl*®  directions  of  the  axes  have  too  great  an 

influence^  as  a  single  glance  at  the  lines,  by  which  they  are  indicated^ 
at  once  makes  evident. — We  can  therefore  attach  no  particular 
value  to  the  Table  given  by  Knapp^*  the  less  so^  because  the  deter- 
minations of  the  astigmatism  for  the  whole  dioptric  system  must  by 

bis  method  come  out  too  high  (see  p.  451). 

I  have  called  the  astigmatism  of  the  cornea  gre^iter  than  that  of 
the  crystalline  lens  :  but,  in  fact,  the  astigmatism  of  the  crystalline 
lens  is  greater  than  we  have  here  found  it.  The  calculation  was 
made  as  if  the  crystalline  lens  were  a  single  refracting  surface^ 
placed  at  an  infinitely  short  distance  from  the  anterior  surface  of 
the  cornea;  and  we  can  easily  understand,  that  tiie  deeper  position 
et  the  crystalline  lens  must  diminish  its  influence  in  astigmatism. 
I  have  thought  a  more  aocoiate  caknlation  on  this  point  super* 
fluous. 

Lastly,  tlie  question  still  arises,  whether,  when  asymmetry  of 
the  cornea  exists,  the  radius  in  the  horizontal  meridian  is  greater,  or 
that  in  the  vertical  is  smaller,  than  that  of  the  normal  symmetrical 
eye.  la  the  first  place,  I  can  to  this  answer,  that  that  in  the  horizontal 
meridian  is  usually  considerably  greater.  In  measuring  120  eyes  of 
men  with  perfect  accuracy  of  vision,  I  found  p°  in  the  horiaontal 
meridian  on  an  average  7.858  mm.,  the  maximum  being  8.896  and 
the  minimum  7.291.  Among  these  were  many  myopic  and  hyper- 
metropic eyes,  up  to  the  highest  degrees ;  but  they  exhibitcMl  no 
diH'ercnce  of  importance.  The  21  asymmetrical  eyes  of  men,  col- 
lected in  the  Table  (p.  491)  give,  on  the  contrary,  p°  on  an  average 
b  'Zdl,  that  is,  nearly  equal  to  the  maximum  found  in  symmetrical 
•  AreMic/.  Ophthalmologic  B.  viiL  Abth.  ii.  p.  m. 


Digitized  by  Google 


496 


ASTIGMATISM. 


eye9f  and  among  tlicni  occur  not  fewer  than  five,  which  even  exceed 
that  maximum,  namely,  p°  =  8'44,  p°  =  872,  =  S'?!',  p  = 
8*81,  and  p°  e=s  8.91.  As  to  p°  in  the  vertical  meridian,  this  is 
in  the  asymmetrical  eyes  shorter  than  in  the  sjmiiietTical,  but  the 
difference  is  here  less  considerahle.  On  an  average  we  found  for  the 
first  (Table  p.  491)  p""  vertici  7*489.  Of  p^'yertic  in  sTiiinielncal 
ejres  I  possess  no  determinations  except  those  given  at  p.  460,  wfaich 
exhibit  an  average  of  7*695.  It  therefore  appears  that,  in  aajm- 
metry  of  the  eye,  t}°  in  the  horizontal  meridian  usually  ascends 
more  above  the  normal,  than  p°  in  the  vertical  descend?  below  iL 
The  same  is  to  be  deduced  from  the  Table  given  at  p.  493. 

Besides  congenital  malformation  of  the  cornea,  various  acquired 
conditions  may  give  rise  to  abnormal  astigmatism.  These  deserve 
separate  consideration,  and  shall  be  spoken  of  in  §  69,  with  the 
dinioal  forma,  nnder  which  astigmatism  oocar8» 

I  here  append  the  mode  of  calculating  the  part  played  by  the  crystaUine 
lens  in  astigmatism,  as  it  has  been  estublishedt  after  oonsoltaUoa  with  mj 
friends  Professors  Hoek  and  Buys  Ballot. 

In  the  first  place  it  is  necessary  to  establish  for  all  the  determinations 
made  in  twelve  meridians  a  relative  influenoe  on  the  direction  of  M  and  y/in 
as  well  as  on  the  radios  in  Jli^  and  Fkorn  the  obeervationt  mnst  be  oal- 
ea]ated:->- 

1*.  a  the  aogle,  whidh  the  horisontal  plalie  makes  with  the  plane  m  ef 
the  greatest  fad^ns  of  eorratufe. 
2*.  R,  the  least  radios  of  ooiratoie  and  r  the  gfcatest  ladins  of  enrfa- 

tore. 

For  this  pnrpose,  let  the  twelve  obierrations  he  divided  into  three  groiq|i^ 
and  of  the  a,  r  nnd  R,  calculated  from  each  group,  let  the  mean  he  taken. 

Let  po  be  the  radius  of  curvature  in  the  horizontal  meridian,  therefore 
making  an  angle  with  m,  thus       makes  with  m  the  angle  a-{-f. 

We  thus  obtain : 

,vOoe««  +  Inn**, 

Pp    11  '  p 

to  whioh  another  fom  is  easily  given, 

j-(fi+-:)+(ft-i)«-='-o) 

^=(ff+i)  +  (4-l)-2(-  +  »). 

The  diffiarenoe  is 

The  dt£Enenoe  of  the  two  eoeineo,  exproMod  1^  the  pvodnet  of  two  sibm, 
obtain 
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^^fi^  (g-^)  «n(2  •  4-  ^)  am^  (2) 


Axui  likewise 

If  ow  the  quotient  of  theie  proportioni  it : 
I  1 


(3) 


(4) 


Pis       P<P  ■¥  is* 


ajid  if  we  assume  ^  =  90^,  the  simple  formulae  oome 

1         1        /I  o 

and  y  ^  =  —  cot  2  »  (4») 

If  we  applj  ihis  formula  to  the  fourth  Une  of  the  taUe^  we  find: 
for  the  flfit  eombiiuitioii  of  po  and 

_J  L         —  <h0107 

8  01     8-76  • 
1  1—  =  »  — eot2« 


8-37  8-42 
2a  =  —  3«  44' 
a  =  —  1*»  5y. 

For  the  eeoosd  oombinatioii  of  ^,5  pio^  and  ^iw, 

 —  00092 

zSL  ^lH  =  =  —  oot  2  (o  + 

Jl  _L      4.  0  0056 

8-14     8-47  ^ 

a  s  40'. 

For  the  third  oombination    p^,  and  p„ 

1         1  _(HK)68 
8-60  ~  816  ,  „  ,    .  „  , 

-5  5 — =  as  —  OOt  2  (a  +  30) 

—  _  —      +  0*0079 
8-02     8-56  ^ 

2  (a  +  30)  =  51°  26' 

a       =  —   4*^  17'. 

As  the  mean  of  the  three  combinations,  we  now  obtain : 

^_-i.ay  +  40'-4'  ir__,.^y^ 

whioh  signifies  that  m  lies  at  1®  53', 

MatOloSS". 

In  Uie  second  place  we  find  R  and  r  from  the  determinations  of 

32 
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For     lint  oombijiation  we  iind : 

0-2387. 


X      r  -  3  

For  tiM  Moond  oombinaUon : 

+  -  =•  -C!!  Pm     ^   puo_  _  q.^^ 

For  tiM  thud  oomlmuktioii : 

And 

—  ^  if  fimnd  M  (2  *}, 
1  _  l_ 

*  _  i  s  ^0  P». 

r       008  2 « 

ThiB  giTM  for  the  first  oombination, 

1      1  00107 

For  the  seoond  combination, 

1       1  00092 

IT""  r  ~  oo» SI*' 40* 

For  the  third  oombinatiou, 

1      1  0-0063 

By  adding  the  TaluM  obtained  for  ^  _  1  to  tliA  eormfonding  vatantt 

^  ^.  ^  wa  obtain  the  Yalna  ^  and  by  labtraoting  tliaiii  Cron  Hm  mmt 

1      1  2 
▼aloe  1^4-^  thoTalnaofy  In  the  fiial  ooaibinatioi& 

I  s  0«2387  4- 0*0107  s  0-2494. 

second  oombination  =  0*2510 
third         „         s=  0*2503 

^       » 0*7507 

^       =  0*1251 
R  s7.90 
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^  3  as  0-23&7  —  0  0107  a«  0-2280 

r 

Moond  combination  s  0'SS94 
ffi?inMnatiftn  ai*  0*2301 

!  8B  0-6876 
r 

i-  tm  0-1146 
r 

r  at  8-73. 

In  this  manner  now  both  Mc  and  the  radius  in  Mc  and  in  mc  are  found, 
and  entered  in  the  Table.  The  ascortaiued  values  of  the  radii  in  and 
iDe  sre  ftditoed  to  FteiiiAii  iaohet,  and  thence  the  posterior  focal  diatanoei 
F'  in  tha  mazimnm  of  murvatnra  and  T  in  tha  minlmnm  of  oorYatufa  an 
aaliwilatadi  whanoa,  Inrthar,  f  waa  found  (laa  p.  461). 

Wa  thna  obtain :  .  1 

Ifow,  if  the  direction  of  be  known  by  direct  determination,  that  of  Me 
by  calculation,  and  if  the  values  of  Aso  and  Afc  have  also  been  found,  thaia 

may  be  considered  as  the  focal  distances  of  two  positive  cylindrical  lenses, 
the  direction  of  whose  axes  is  perpendicular  to  Mo  and  to  Mc.  Hence, 
therefore,  M^  can  be  found  as  the  direction  of  the  axis,  and  Asi  as  the 
strength  of  the  cylindrical  lens,  which,  added  to  Mc  and  Asa  gives  for  the 

resulting  lens  M,,  and  Av 

The  following?  is  the  (question  ; — 

If  of  two  inliuitely  thin  cylindrical  lenseSi  I  and  III,  are  given  the  focal 
distances,  or  the  radii  ti  and  r*  and  tha  diiaetfcoiiaof  fliaaxe8,--what  ia  than 
tha  focal  diatanoa  or  tha  ladioa  and  tha  diiaotian  of  tha  azia  of  a  lana 
n,  which,  added  to  I,  haa  III  aa  raanlting  lanat 

Let  p»  as  K  of  thaeylindrieal  lana  ba  «o  (thaiafixra  in  tha  diraation  of  tha 
«da), 

Pio  =  r  tha  least  radius  of  curvature,  «,  /3  tha  aiimntha  of  tha  plana 
ni  the  axes  for  each  of  the  cylindrical  glasses. 
y  the  #Mmpth  of  the  axis  of  tha  lens  to  ba  added,  than,  aa  in  an  aagia  f 

withthaaxia       1  u alwaya  =  i  ao^ f  +  1  ain« f . 

po  K  r 

for  tha  cylinder  '  =i  sin*a  and  Isiooe^^ 

and  therefore  in  an  arbitrary  azimuth  d,  that  makes  the  angles  « — t  with 
tha  axis  of  the  first,  /3— )  witii  tha  azia  of  tha  aaoond,  y— 8  with  tha  plana 
of  tha  azia  of  tha  thiid  lana. 

Bin* (#—8)  ,  aiii«08-8)     sin' (y-5)  .   1  ... 

—  ^  +  p  «  pi  +lt 

cos*  (.—8)    .  008?  (jS— 8)     aoaF(y— 8)  ,1 

—  ^,  +  ^.  =  -h  ^  t-J 

&  always  the  radius  of  the  sphere,  which  most  ba  added  to  tha  lana  y,  in 
order  wholly  to  comprise  the  system  «  and  ^ 
(2)  minna  (1)  givea,  on  account  of 

cos'  ^  —  sin'  ^  =  cos  2  ^, 

2 
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oo§  2  (o— ^)  .  008  2  i^—d)     vm  2  (y— «) 

 ?  +  F  P  


Th»  aiimvtk  3  ii  aiMtmyr  for  in  Mdl  aiimiith  it  BDit  be  ^pte 
wMber  W9  talw  •  or  A  or  y  into  tbo  tphore. 
Thii  wo  oiffOM  in  tho  ISoUowing  manner : — 

000  8  (#— d)  aBiooo3«ooo234-oin2annS6L 

If  we  do  thus  with  the  other  termB,  and  write  the  one  under  theotkr 
whet  is  multiplied  with  ooe  2  and  also  the  one  under  the  eChot  wheti 
nnltiplied  withiin  2    there  xooolto  (3) 

ooi  2  a  +  nn  2  a 

^.£2l2Jooe2a  +  ^B-21rfa2a  )(4) 

_5^eo.2a-^.iii2«-0 
In  order  to  expreoo  the  erbitrarineM  of  3,  the  coefficient  of  ooa  2  d  aii 


ttatofiui2aBneteeahoeperetel7bo  ofoel  to  sora.  Ihoa  (4)  frlla  ■ 
(6)  end  (6). 

ooe2a,ooe2^     00B2-y  ... 

sin  2  a  ,  ain  2  /3  sin  2  y 

r  I*    —    r^  ^' 

(6)diTidedbj(5)ie.*— 


dn  2  a  ,  sin  2  /3 

+  — -i — 


r' 


*''^^"cos2  a  ,  008  2  /3 

r'~  +  ~~F^ 

and  (6)«  +  (6)«  gives 

I  _  1   .  1   ,  20002  (a-/8) 
Thus  r^  and  y  are  iMind. 

If  or  end  a  or  /9  to  be  found,  while  r^end  y,  and 
/I  or  a  are  giTon,  we  write  (5)  end  (6)  thue: 

OOP  2  tt  000  2  y     008  2  /3 


sin  2  a     sin  2  y     un  2  5 

— p—  pF-  00) 


of^-=^  +  I*.  -  2  r,  r^  cos  2  (^)  ] 


ofr,= 


^     +         2  r,  r^  ooa  2  (^)- 
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Aooocdiiig  to  tibMe  foffmols  Mi  (=  a)  and  r'  (and  with  tban  A%  m  pio- 
poortUniaAe  to  Hmoi),  are  now  fimnd  md  filkd  into  tho  TnUOi 


§  d8«  GniNDmioAL  LnsBS,*  asd  Gbnsrjll  Bulb  ior  thue 

Emplotmknt. 

Kegohr  aitiginatisiii  may,  as  Ims  above  been  xemarked^  be  pio- 
dmoed  hj  adding  a  cjlindruad  to  a  spbmeal  lena. 

The  action  of  a  cylindrical  lenscan,  inita  tiini«  beconnteiaetod  by  a 
second  sncb  lens  of  equal  focal  distance.   If  these  cylindrical  lenses 

are  both  either  positive  or  negative,  the  axes  of  the  cylindrical  surfaces 
must,  in  order  to  neutralise  each  other,  stand  perpendicular  to  one 
another;  if,  on  the  contrary,  one  be  positive,  and  the  other  negative, 
the  effect  is  attained  with  a  parallel  state  of  the  axes.    Of  the 
latter  case  the  astigmatic  lens  of  Stokes  furnishes  an  example  (conf. 
p.  486) :  ito  action  is,  in  a  paiaUel  state  of  the  axes,  =  0.  The  first 
we  find  lepiesented  in  the  so-called  watchmakeis^  lenses,  which  have 
two  convex  cylindrical  sni&ces  of  eqnal  focal  distance^  whose  action, 
by  the  intersection  of  the  axes  of  these  sorfoces,  nearly  ocnnddea 
with  that  of  spherical  biconvex  lenses.    If  the  two  cylindrical  sur- 
faces be  similar  and  concave,  they  give  the  action  of  a  negative 
spherical  lens,  with  removal  of  the  astigmatiam,  when  their  axes 
iotersect. 

Now  as  tlie  action  of  one  cylindrical  lens  may  be  destroyed  by 
that  of  another,  regular  astigmatism  may  be  corrected  by  means  of 
a  qrhndrical  lois.  In  order  to  km  a  good  idea  of  the  correction, 
experiments  slundd  be  tried  with  one's  own  qre*  A.  cylindrical  lens, 
for  example  of  ^,  prodnces  astigmatism,  and  gives  rise  to  pecoUar 
disturbances  in  vision  already  described.  A  second  cylindrical  lens 
of  —  n,  with  a  similarly  directed  axis,  complct<3ly  neutralises  the 
action  of  the  first,  so  that  the  presence  of  glasses  before  the  eye  is 
now  scarcely  observed.  If,  on  the  contrary,  the  second  cylin- 
drical lens,  as  well  as  the  first,  is  a  ])ositive  lens  of  ^,  the  astigma- 
tism is  corrected,  if  the  axes  of  the  cylindrical  surfaces  be  directed 
perpendicularly  to  each  other;  bnt  the  ^e  has  then  at  the  same 
time  become  myopic,  and  that  to  snch  a  degree,  that  the  foithest 

•  To  be  liad,  among  others,  from  Nachet  and  Son,  Paris,  and  Paetsaad 
Flohr,  Berlin,  on  giving  the  formula  to  be  hereafter  oomnxunicated. 
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point  of  a  previooslj  ametropic  eje  (the  distance  from  the  glass  to  the 
eye  not  being  taken  into  account)  comes  to  lie  at  10'  (M  = 

The  glasses  lequirod  for  the  correction  of  the  differait  fomie  of 
astignuitism,  may  be  xedooed  to  time  kinds. 

1.  Simple  cyHndrical  glauee  (Fig.  163).  Jnst  as  the  qihericai 
these  have  either  a  positiTe  (A,  B,  C),  or  a  negative  focal  AvtiM'wnn 
(D,  E,  F) ;  the  first  we  call  simply  poMvef  the  second  ne^oHve,  If 
both  the  surfaces  arc  cylindrical,  their  axes  are  parallel.  To  give  a 
correct  idea  of  their  form,  they  are  represented  both  in  a  section  per- 
pendicular to  the  axis  (Fig.  163, 1),  and  in  a  section,  carried  tlirough 
the  axis  (Fig.  163, 11),  the  surfaces  being  Hia^ngi^i«hAa  aa  a,  the 
anterior^  and/?,  the  posterior. 

a.  To  the  pontine  belong: — 

1.  The  bipOon?ez  (Kg.  168  A). 

2.  The  plano-conTes  (B). 

8.  The  oonoaTo-oonvei  or  poaitm  memacoa  (C). 
b>  To  the  negative  belong ; — 
1.  The  bi-concave  (D). 
%.  The  plano-concave  (E). 

3.  The  oonYex-concavQ  or  negative  meniscus  (F). 

Fig.  168. 


Practically  the  same  is  true  of  the  cylindrical  aa  of  the  spherical 
:  the  plano-convex  and  plano-concave  produce  the  greatest 
'  y  the  bi-oonvcK  (provided  it  be  not  too  powerful)  and  the 
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bi-concave  are  in  general  very  satisfactory^  and  the  menisci  have  the 
advantage  of  being  periscopic. 

Of  the  simple  cylindrical,  glasses  from  vtc  iol,  c,  and  from  —  m  <?  to 
—  s  c  are  necessary,  that  is  glasses  of  from  50  to  5  Parisian  inches 
both  negative  and  positive  focal  distance.  That  this  focal  distance 
obtains  onlj  for  the  snifiMe  peipendieiilar  to  the  axis  of  the  cylin- 
drioal  cnmtnzey  and  that,  in  a  sniface  carried  thronj^  the  aies  the 
focal  distance  is  infinite,  need  scaroelj  be  remarked  heie :  thej  there- 
fore leave  in  this  kst  direction  also,  the  focal  distance  of  a  dioptric 
system,  wherewith  they  are  combined,  unaltered. 

To  express  their  nature  and  power  we  make  use,  as  will  have 
been  seen,  of  the  same  formula  as  for  the  spherical  glasses,  with  the 
addition  of  c. 

II.  Bi-r^j/lindrical  ^a$te»  (Fig.  164). — These  ha?e  two  cylindrical 
surfaces  of  curvature,  whose  aiea  are  directed  perpendicularly  to  one 
another  (I  a  and  U p).  If  the  two  sorfiMes  are  cjlindricallj  gmond, 
but  tbeir  axes  are  parallel,  they  belong  to  the  simple  cylindrical, 
whether  to  the  bi-convex,  or  bi-ooncave,  or  to  the  menisei,  whieh  have 
been  already  described  above  (Fig.  163,  A,  C,  D  and  F).  Of  the 
bi-cylindrical  one  surface  is  in  general  convex,  the  other  concave,  as 
the  two  sections,  taken  in  each  of  the  two  axes  (Fig.  164, 1  a,  11  p). 

Fig.  164.  Fig.  165. 


show.  8nch  bi-cylindrical  glasses,  therefore^  make  parallel  inddent 
rays  of  light,  after  refraction,  converge  in  the  plane  of  the  one  axis. 
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aud  diverge  in  that  of  the  other.  Their  action  may  be  expressed  by 
the  formula  for  each  of  the  two  planes^  connected  by  the  sign  of  s 
ziglit  angle  r>  A  bi-cylindrical  glass  of  IZ*'  positive  focal  distance 
in  a  plane,  perpendicalar  to  the  axis  of  the  convex  cjlindiical 
toHace,  and  of  24*  negative  focal  distance  in  a  plane^  perpendicii- 
lar  to  the  axis  of  the  concave  qrKndiical  soi&oe^  is  therefore  ex* 
pressed  as : 

1    r  i 

III.  Spkerico-cylindrical  glasses. — Of  these  glasses  the  one  sur- 
face has  a  spherical  (Fig.  165,  I  and  II  a  a  ),  the  other  a  cyUndrical 
curvature  (I  and  II p /))«  Only  those  are  used  whose  two  surfaces  are 
either  convex  (A)  or  concave  (B).  These  lenses  may  be  considered 
as  the  comhination  of  a  plano>cylindrical  with  a  plano-spheiicai 
lens,  and  we  actnallj  obtain  both  bj  cutting  a  spherico-^lindrical  lens 
in  a  plane,  perpendicular  to  the  axis  of  the  spherical  surfiwe.  Now 
the  action  of  a  spherico-cylindrical  lens  is  similaT  to  that  of  the 
combination  mentioned,  and  it  may  be  expressed  by  the  formula  for 
each  of  the  refracting  surfaces,  united  by  the  sign  of  combination 
O.  If  the  spherical  curvature,  as  a  plano-convex  lens,  gives  a  focal 
distance  of  12',  the  cylindrical  curvature,  as  a  plano-convex  lens,  a 
focal  distance  of  24',  we  write : 

12  *  ^  24 

signifying  that  the  positive  focal  distance,  in  a  section  through  the 
axis  of  the  cylindrical  snrfaoe,  amounts  to  12',  in  a  section  per- 
pendicular to  this  surface,  to      +  m  =  S)  8".    If  the  spherical 

surface,  as  a  plano-convex  lens,  represents  —      the  cylindiical,  as 

a  plano*cylindiical  lens;,  ^,  the  combined  spherioo-cjUndrical 
lens  gives : 

jj^  in  which  lens  the  negative  focal  distance,  in  the  axis  of  the  cylindri- 
cal surface,  amounts  to  18",  perpendicular  to  this  axis  to  (ih  +  i 

ii.noir  easy  to  see  what  cylindrical  gibsses  remove  the  different 
astigmatism  (compare  p.  482).    Suppose  our  object  to  be 

i  the  ametropia  at  the  same  time  with  the  astigmatism,  that 
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\9,  to  briog  the  fiuihest  point  of  distinct  Tukni  to  an  infinite  distance 

=  00  ).    We  then  find  : 

1.  Simple  myopic  astigmatism  is  corrected  by  a  simple  negative 
cylindrical  lens  (Fig.  163,  I),  E,  F)  of  a  focal  distance^  correspond- 
ing to  the  degree  of  astigmatism : 

Am  = 

6 

by  gla&jcs  of  —  ~  c,  placed  at  i''  from  the  nodal  point 

2.  Compoond  myopic  astigmatiani  leqairea  a  negative  spberico- 
cylindiical  lens.  Thas,  not  taking  the  distance  from  glass  to  nodal 

point  into  account, 

M  A  J-  Am  ^ 

is  corrected  bj 

20  *  ^  ^  (compare  Fig.  165,  B). 

3.  Simple  hypermetropic  astigmatism,  Ah,  is  corrected  by  simple 
posittTe  <7]indrical  glasses  (ITig.  163,  A,  B,  C),  corresponding  to  the 
degree  of  the  astigmatism.  For 

a  dass  of 

is  therefore  required,  placed  at     from  the  nodal  point. 

4.  Compound  hypermetropic  astigmatism  requires  positive  spherico- 
cylindrical  glasses : 

H      +  Ah  i 

18  ^  9 

ia  corrected  (the  distance  from  the  glass  to  the  nodal  point  not  being 
taken  into  account)  by : 

18  9 


6.  Mixed  astigmatism,  lastly,  yields  to  bi'^ylindncal  glasses : 

Amh  =  gi 

composed  of 
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and 


oomposed  of 


by : 


Ahm  =  g-* 


—  H  +  —  M, 


5^  ^  f"  h""' 


These  short  ezamplai  will  form  a  guide  in  the  choice  of  glasses,  wb^ 
with  the  astigmatism,  ametropia  is  at  the  same  time  to  be  corrected. 
But  it  is  not  always  desirable  to  attain  this  double  object,  Wml*: 
bj  correction  of  astigmatism  the  power  of  vision  is  under  all  circum- 
stances benefited,  and  we  almost  unconditionallj  can  attain  to  it, — 
to  reduce  the  eye  at  the  same  time  to  the  state  of  emmetropia,  is 
often  not  indicated.  As  to  this  redaction^  the  same  rales  ^plj  in 
complication  with  astigmatism,  as  are  applicable  to  ametiopia  a 
general,  and  whidi  we  have  stated  in  detail  when  treating  of  hjper- 
metropia  (§  23)  and  of  mi  opia  (§32). 

It  thei^ore  only  remains  for  tis  to  show,  how  to  find  by  calcnit- 
tion  the  necessary  glass,  in  complication  with  astigmatism,  when  it 
is  estiblished  to  what  distance  R  must  be  brought. 

In  the  determination  of  the  astigmatism,  we  proceeded  from  iures- 
tigating  the  refraction  in  the  two  principal  meridians.  Hence  the  ame- 
tropia common  to  both  meridians  was  deduced,  and  the  degree  of  astig- 
matism was  added  as  a  separate  value.  Thns  we  foond  the  fumnla  for 
the  compound  astigmatism  both  hypermetropic  and  myopic  If  we 
now  revert  to  the  two  prindpal  meridians,  the  method  of  finding  the 
glasses  which,  nentrahsing  the  astigmatism,  give  the  desired  value 
to  R  in  all  meridians,  is  extremely  simple.  Giving  to  R  a  value  of 
40',  20',  1^'  signiiies  nothing  eke  than  communicating  to  the  eje  a 

myopia  of,  or  reducing  the  existing  myopia  to,       i-,  We 

4U  A\)  1.36 

have  therefore  from  the  ascertained  refraction  in  the  two  prindpil 
meridians  only  to  deduct  the  desired  degree  of  myopia,  and  if  we 
give  the  glasses  which  completely  correct  the  then  remaining  uoi- 
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'opia  in  each  of  the  meridians,  precisely  this  degree  of  myopia 
imains. 

The  following:  examples  may  serve  to  illustrate  the  foregoing: — 
1.  Xiet  there  be  found : 

In  the  principal  meridian  emmetropia, 

w  w         V,  M  = 

ind  let  us  desire  to  bring  B  to  18'',  then  we  obtain  by  deductiun  : 

1  -  H  1 
18  ~  "  18' 


in  H,  emmetropic  —  H      =  H 


inv,Mj-M^=Ml; 

aud  to  correct  this  a  bi-cjlindrical  glass  is  required  of : 

2.  Let  there  be  in  the  principal  meridian    M  =  ^> 

n  »9  V,  M  =  jjj 

and  if  we  desire  to  bring  R  to  20',  we  find,  by  deducting  M 
inH,  M^  —         —  emmetiopia, 

inv,M^^^-  M^  =  M 
so  that  the  object  is  attained  by  a  ample  cylindrical  gkss  of  —  ik 
3.  In  H  let  H  =  ^> 

in  T  let  H  =  ^\ 

if  we  desire,  for  leading,  writing,  &c.,  to  bring  E  to  18',  we  find  by 
deduction: 

inH,ll  \  ^XS^^'il' 

inv,Hi-Mi  =  H-  J, 

which  (compare  p.  505,  under  4"^)  is  conected  by: 

1  _  1 
9  •  9 
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4.  InacaseofastigmatiBinlet  thefebe: 

in  V,  M  =  j^, 

m  H,  H  -  ^. 

And  if  we  denni  B  at  M',  we  obtain  by  dedndaon, 

in     M  ^  —  M-i  =  M  JL 
'12         24  2? 

inn,  H  —  — M  —  =  Hir; 
'      24         24         12 ' 

80  that  to  obtain  the  proposed  object^  a  bi-cylindiical  glasa  is 

reqniied  of 

i2  c  r  -  24  ^• 

Hie  laiher  complicated  method  here  described  maj  in  all 
cases  be  adopted,  bat  tbn  is  not  always  neoesaaiy.    For  when, 

togt'tluT  with  cuiiipouud  myopic  astigmatism,  a  high  degree  of 
myopia  exists,  which  we  wish  partly  to  maintain,  the  myopia  need 
only  be  reduced  to  the  desired  degree :  for  example,  if  in  M  «  + 
Am  Ti,  we  wish  to  retain  M  "h,  this  will  be  attained  by  sub- 
tracting M  n,  and  thus  correcting  M  i  +  Am  ^  by  —  I  # 
3  —  A  In  like  manner  we  have  in  compound  hypennetiojnc  aa> 
tigmatitmonly  to  increase  the  hypermetropia  which  is  to  be  corrected 
bj  so  mnch  as  corresponds  to  the  desired  value  of  E.   Thus^  in 

H  -  +  Ah  i 
18  9 

E  is  to  be  brought  to  18'  by 

In  all  these  calculations  we  have,  for  the  sake  of  simplicity, 
omitted  the  correction  proceeding  from  the  distance  between  the 
l^ass  and  the  nodal  point :  indeed,  if  particdbrly  strong  (passes  are 
not  required,  its  influence  is  so  sli^t  as  to  be  in  practice  scarody 
1^  perceptible. 

i     In  the  employment  of  cylindrical  glasses,  it  is  of  the  greatest  im- 
portance that  the  axes  of  the  surfaces  of  curvature  should  be  situated 
e  principal  meridians  of  the  dioptric  system  of  the  eye.    Even  a 
deviation  causes,  especially  when  strong  glasses  are  used,  a  vexy 
ible  disturbance.   The  proposed  end  is  now  best  «>*t^Mnffil  by 
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setting  circular  shaped  glasses  in  a  framework  with  rings,  so  that  by 
taming  round  the  glasses,  the  proper  direction  can  easily  be  g^ven  to 
the  axis  of  the  cylindrical  sorfiAce.  By  slightly  moving  the  m  hole 
aRaogement^  we  soon  observe  in  what  direction  the  glass  is  to  be 
tnmed ;  and  the  proof  that  it  has  acqoired  predaely  the  right  direc- 
tion consists  in  the  correction  becoming  less  perfect^  the  power  of 
vision  less  acute,  on  gently  inclining  it  to  one  side  or  the  other. 
When  once  the  correct  direction  has  been  found  fur  tlie  round 
glasses,  we  can,  if  it  be  preferred,  still  maintaining  the  directions  of 
the  axes,  have  them  ground  into  oval  c^l asses  and  placed  in  another 
framework.  That  in  the  use  of  cylindrical  glasses^  it  is  above  all 
things  necessary  to  take  care  to  have  a  well-adjusted  and  bat  slightly 
movable  framework^  is  indaded  in  what  has  above  been  aaid. 

The  oometioii  of  regular  astigmatuiii  bj  means  of  cylmdrical  glaases  is 
incapable  of  absolute  perfection.  Apart  firom  the  amUyopia,  which,  mde- 
pendently  of  the  light -refracting  sjtteoit  complicates  many  coses  of  astig- 
matism, the  acuteness  of  vision  must,  even  with  the  most  accurate  correction, 
leave  something  to  be  desired,  because  the  asymmetry  of  the  astigmatic 
eye  cannot  be  completely  counteracted  by  the  presence  of  a  cylindrical  lens. 
Moreover,  the  correction  is  only  of  that  nature  that  the  posterior  focal 
points  for  the  diflerent  meridians  are  brought  together  without  the  same 
being  true  of  the  other  cardinal  points.  The  absolute  coincidence  of 
the  nodal  points  in  the  different  meridians  is  scarcely  attainable.  If  th^ 
lie  in  the  principal  meridian  of  slightest  earvatnre  more  posteriorly,  correc- 
tion with  a  bi-convex  cylindrical  lens  brings  themmora  forward, than  those 
in  the  meridian  of  greatest  curyaturci  and  mbe  vend  if  they  he  sitaated 
mote  anteriorly,  on  correction  by  a  In-conoave  cylindrical  lens,  they  are 
moved  more  backward.  In  this  is  implied  that  the  form  of  bodies,  on  cor- 
recti<m  of  astigmatism,  is  elongated  in  a  direction  opposite  to  thnt  in  which, 
before  correction, elongation  existed.  This  too  great  displacement  of  the  nodal 
points  becomes  less,  the  closer  the  cylindrical  glasses  arc  to  the  cornea,  and 
for  this  reason  also  it  is  desirable,  in  the  use  of  spherico-cylindrical  glasses, 
to  turn  that  surface  towards  the  eye,  wlureby  the  nodal  point  of  the  cylin- 
drical surface  lies  closest  to  the  organ.  If  both  be  convex  or  concave,  the 
one  of  least  curvatuie  should  be  turned  towards  the  eye  ;  if  one  be  couvcx, 
the  oUier  concave,  the  concave  one  should  be  turned  towards  it. — ^The 
change  of  fimn,  which  is  the  result  of  cylindrical  glasses,  is  also  the  cause, 
why,  in  looking  fbr  glasses  of  the  required  strraigth,  we  esn  less  advan- 
tageoosly  make  nse  of  the  change  in  acnteness  of  vision  on  altering  the 
distance  between  the  glass  and  the  eye,  than  when  spherical  glasses  are  in 
qnestion:  almost  always  the  glass,  both  the  convex,  though  it  be  too 
weak,  and  the  concave,  though  it  be  too  strong,  is  desired  close  to  the  eye. 
Moreover  it  is  easily  seen  that,  especially  in  using  bi-cylindrical  glasses,  the 
distanoe  ftom  the  eye  ought  to  be  short :  indeed,  in  proportion  as  the  dis- 
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tanoe  increases,  the  images  become  in  one  direction  smaller  and  smalicT. 
in  the  opiwaitc  larger  and  larger,  and  under  this  double  influence  the 
change  of  form  must  make  itself  strongly  felt,    l-'urthermore.  it  is  to  he 
observed,  that  in  some  movements  of  the  eye,  which  are  connectt  d  with  an 
obliquity  of  the  vertical  meridian,  the  direction  of  the  axes  of  the  cylix*- 
drical  surfiEu^  no  longer  comcidcK  perfectly  with  the  principal  meridlciiB, 
and  the  OGtrection  k  thodbre  imperliBet}  wlumoe  it  IUIdws  that  m  min% 
^Imdiioal  glnwwi  tlie  eye,  in  order  to  maintain  the  aoiiteiie«  of  ▼iaioa,  ■ 
•omewhat  limited  in  ita  morementi.  However,  ereiy  apectaelo*^taaa»  aa 
audi,  neceaaarilv  causes  limitation,  and,  in  ftetyexperieiicediowa  that  in  tbs 
use  of  cylindrical  glasses  this  is  productive  of  no  particular  inconvenience 
Finally,  to  omit  nothing,  I  ahall  briefly  state*  that  the  accoonnodative 
changes  in  the  astigmatic  eye,  especially  after  correction  of  the  asymmetry, 
do  not  represent  absolutely  coincident  ranges  of  accommodation  in  both 
principal  meridians,  so  that  the  correction  by  definite  glasses  cannot  be 
eijually  perfect  in  all  states  of  acconmiodution.    This  difference  is  however 
so  sUght,  that  neither  can  it  give  rise  to  any  practical  dilhculty. 

As  I  have  already  stated.  Airy  was  the  fknt  to  disoover  abnormal  asdy- 
matism,  Infiwt  inhisown  lefteye.  At  the  sanetlne  ha  eooeeiwd  liwt  a 
cylindrieal  glass  might  eoneet  the  aaymmetzy,  which  he  aetoaOy  ftNmd  la 
be  the  case,  the  distorbance  of  vision  being  coneeted  by  audi  n  ffltm 
The  fimnof  hisastigmatiamwia  the  compound  myopie.  Airyouneeived  tiiat 
if  he  had  two  concave  cylindrical  aorftusea  grouid,  with  axes  directed  pcfb 
pendicularly  to  each  other,  each  orareeponding  respectivel}-  to  the  degree 
of  myopia  to  be  corrected  in  the  principal  meridians,  the  object  should  be 
attained.    But  he  correctly  gave  the  preference  to  a  negative  sphcrico- 
cylindrical  glass,  whereof  the  concave  spherical  surface  was  to  correct  the 
common  myopia  of  the  two  principal  meridians,  the  concave  cylindricai 
the  still  remaining  simple  astigmatism.  And,  in  truth,  bi-cylindrical  glassi  * 
(with  intersection  of  the  axes),  of  which  both  surfaces  should  be  eithtr 
convc  X  or  concave,  aie  never  necessary  :  they  may  always  be  advantageous] r 
replaced  by  spherico-cylindrical  glasses.   The  bi-cylindrical  lenses  nac-d  in 
Switaeriand,  and  generally  to  be  found  with  the  watchmakers,  whose  oonvex 
anrlkoes,  together  with  intersection  of  the  axea,  have  a  aindlar  curvatoie, 
in  their  action  dosely  resemble  bl-oonvex  spherical  glaaaea.  Tbe  watch- 
makers assert  that  they  have  a  more  extensiye  field :  the  trath  is,  tiiat  the 
Add  k  wider  in  the  direction  ot  the  axis  of  the  snr&ce  tamed  towards 
the  eye,  but  narrower  in  the  opx>osite  direction,  so  that  the  toxm  of  the 
distinct  field  of  vision  is  nn  oval,  which  follows  the  movements  of  the 
lens  in  rotation.    These  lenses  can  the  less  vie  with  periscopic  spherical 
glasses,  as  with  them  the  forms  of  objects  seen  laterally  appear  in  a  peca- 
liar  manner  distorted. 

That  astigmatism  is,  to  a  certain  extent,  capable  of  correction  by  convex 
and  concave  spherical  gla&ses,  when  tlieir  axis  is  held  before  the  eyt- 
at  a  certain  angle  with  the  visnal  Une,  was  ah«ady  known  to  Young  and 
Cary.    (See  the  quotation  at  p.  456.)   It  appears  that  others,  especially  in 
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bigb  dogjBM  of  myopia*  hm  alao  made  oae  of  theoL  Thna  iro  read  in 
White  CSooper  (on  Near  Sf^fhi,  etc.,  Londoii*  1853,  p.  199),  that  caaea  aome- 
tlmes  ooenr,  in  which,  in  consequence  of  a  peculiarity  in  the  form  of  the 
refiracting  media,  or  in  the  sensibility  of  the  retina  (?)  the  improvement 
caused  by  glasses  is  considerably  increased  "  by  sloping  them  or  holding 
t  hem  obliquely,"  and  that  he  had  seen  a  striking"  example  of  this  in  a 
myopic  patient,    lie  adds,  that  in  order  to  give  the  desired  position  to  the 
^lass.  Carpenter  and  Westley  made  it  turn  in  a  second  ring,  contained  in 
the  ring  of  the  spectacle  frame.    This  means  of  correcting  n.^tigniatism  is, 
however,  capable  of  application  only  when  relatively   strong  spherical 
glasses  are  required  to  neutralise  the  ametropia,  and  then,  too,  a  more  per- 
fect owwwtUm  ivill  be  attainaMf  by  cylindrical  cnrvatore  of  one  of  the  au^- 
liaoes.   Only  in  aphakia  oaa  we  adirantageously,  in  my  opinion,  in  order  to 
ccMrgect  a  oertain  degree  of  aadgmatiamv  make  nae  of  an  oblique  poaition  of 
the  glawca.  Almoat  alwaya  it  appeara  that  when  we  giire  a  certain  indi^ 
nalum  to  the  strongly  convex  glass,  the  acuteness  of  Tiaion  is  improyed,  and 
|3ie  neccssily  of  attending  atrictly  to  this  point  in  erery  eaae  of  a^mkia,  ia 
generally  reoognised. 

Lastly,  we  must  not  omit  to  observe,  that  regular  astigmatism  might  also 
be  corrected  by  operation.  IriddesLs,  an  operation  brought  into  vogue  chiefly 
by  Critchett,  would  be  serviceable  in  such  cases,  especially  double  irid- 
desis  in  opposite  directions,  as  practised  by  Bo\>Tnan  and  others  in  kerato- 
conus  (compare  Critchett  and  Bowman,  in  liepitrts  of  the  London  Ophthnhnic 
Sospital,  1859  and  1860).    The  pupil  is  thereby,  in  tact,  changed  into  a  nar- 
row slit ;  and  if  the  direction  of  this  sUt  corresponds  to  one  of  the  principal 
mfwiliana,  the  aberration  dependent  on  aaymmetry  would  certainly  he  almost 
entirely  esdnded.  The  indicatiQii  of  this  double  iriddena  in  keratooonns 
I  cannot  admit :  in  thia  case  the  canae  of  the  loaa  of  aeotenesa  of  visimi  is 
not  the  difference  of  eonratnre  in  the  wiona  meridians*  hut  rather  the 
oonieal  earratore  in  each  meridian ;  and,  in  oonnerion  with  that.  Bowman 
haa  piopoaed  some  modifications  of  iriddesis  (comp.  the  treatment  of  irre- 
gular astigmatism).   But  where  there  ia  only  difference  of  curvature  of  the 
several  meridians,  that  is  in  regular  astigmatism,  the  narrow  slit  obtained 
by  double  iriddesis  would  undoubtedly  very  much  promote  acuteness  of 
vision.    However,  considering  that  we  have  it  in  our  power  to  obtain  the 
desired  correction  by  means  of  cylindrical  glasses,  I  am,  looking  to  the 
greater  or  less  danger  of  the  operation,  and  not  less  to  the  deformity  which 
is  the  result  of  it,  far  from  recumnicuding  its  application. 


§  89.  MosoLOOT  AKD  GLonoAL  Study  ov  AsnnoMATisM. — Huvort 
OF  ouB  Kmowledob  ov  tbb  Subjbot. 

AaHippatigm  is  either  oongieiiital  or  aoquired.  In  the  great  ma- 
jorit)  of  cases  it  is  oongenital.   If  it  be  aoquired,  it  is  to  be  looked 
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upon  GHnicaUy  as  anotber  form  of  difieaae,  wbose  pndacal  importanee 

has  become  more  and  more  evident  to  me,  and  ol  which  1 
separately  treat,  aft^r  having  first  considered  : — 

1.  Congenital  astigniatmn. — This  anomaly  is  of  frequent  oocur- 
lence.  I  am  as  jet  without  sati:^factory  statistics ;  but  X  certamij 
do  not  exaggerate  when  I  assert  that  in  forty  or  fifty  ejea,  one  ib, 
in  consequence  of  aatigmatiam,  disturbed  in  ita  fonetaon. 

Bonndariea  between  nonnal  and  abnonnal  aatigmatiaoi  do  nol 
exist   When  it  attains  tbe  degree  of  ^  I  have  called  it  abnonna], 
beoanse  the  disturbance  of  Tinon  is  then  of  that  natore,  that  cylin- 
drical glasses  are  desirable  for  its  improvement.    But  otherwise  it  is 
evident,  that  the  limit  1  have  fixed  upon  is  rather  arbitrary.  With 
much  slighter  degrees  the  acuteness  of  vision  is  no  longer  perfect. 
Thus  I  was  formerly  of  opinion,  that  an  astigmatism  of  about  ^ 
such  as  exists  in  both  my  eyes,  under  no  circumstances  interfered 
with  the  distinctness  of  the  images,  and  was  therefore  not  capable  of 
collection ;  and  yet  I  found  that  ^  e  (the  weakest  glasses  I  possess) 
held  with  the  axu  perpendicnlar  before  my  eye,  munistakably  in* 
crease  the  distinctness  of  the  images,  while,  W0tftwrMf,  with  the  axis  in 
a  horizontal  position,  the  same  glasses  produce  a  pretty  considerable 
disturbance.    The  improvement  which  is  produced  by  the  addition 
of  TO  c,  with  a  vertical  axis  is  now  most  striking.    Hence,  we  see 
again,  that  too  high  a  degree  has  been  considered  as  normal  by  J>r. 
Knapp. 

The  cases  which  have  occnzred  to  me,  presented  an  astigmatiam  of 

from  ^  to  ^*    In  the  majority  it  amounted  to  more  than  ii, 

not  nnfiequenily  to  more  than  ilk. 

Astigmatism  is  often  hereditary.   Not  nnfireqnently  one  of  the 

parents  labours  under  the  same  defect.  But  more  frequently  still 
it  happens,  that  different  children,  born  of  the  same  parents,  exhibit 
this  anomaly,  and  mostly  in  the  same  form;  in  this  case  we  are 
equally  justified  in  calling  the  condition  hereditary,  as  when  it  occurs 
in  one  of  the  parents. 

In  the  majority  of  instances  both  eyes  are  affected.  Often,  however, 
one  is  completely  or  almost  completely  free.  Mr.  B.  had  in  both  eyes 
Ah  between  \  end  i^;  in  his  brother.  Ah  existed  «  i-V  of  precisely 
the  same  form,  only  in  one  eye :  his  left  eye  was  almost  perfectly 
free  from  astigmatism.    It  is  remarkable  that,  with  such  a  difference 
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l>etweeQ  the  two  ejes^  the  upper  part  of  the  face  hkewise  is  UBoallj 
tusjminetrie.  Idso,  when  a  high  degree  of  ametropia  occurs  only  on 
one  ade,  asTmmetiy  of  the  bones  bounding  the  orbit  is  a  veiy 
common  phenomenon.  This  is  connected  with  the  pecnliarities  in 
'the  form  of  the  face  in  myopic^  and  especially  in  hypermetropic,  in- 
clividuals, — an  important  subject,  which  has  already  long  engaged  iny 
attention,  but  on  which  I  cannot  here  further  dihite. 

Thus  far  I  have  met  with  many  more  cases  of  abnormal  astigma- 
tism in  men  than  in  women.  I  do  not,  however,  feel  justified  in 
assuming  that  this  is  not  partly  accidental.  This  point  must  remain 
for  future  decision. 

As  to  tune  of  life,  it  is  evident  that  this  can  have  no  inflaence* 
So  long  as  the  power  of  accommodation  remains  active,  the  dis- 
turbance of  vision  from  a  moderate  degree  of  astigmatism  is,  how- 
ever, productive  of  less  inconvenience.  Slight  cases,  therefore,  usually 
first  present  themselves,  when  the  range  of  accommodation  (about  the 
thirtieth  year)  is  already  percej)tiljly  diniinislicd,  while  in  high  de- 
grees of  astigmatism  the  disturbanee  is  early  remarked,  and  the 
ophthahnie  surueon  is  not  unfiequently  consulted  even  before  the 
patient  has  attained  his  seventh  year.  On  the  other  hand,  at  an 
advanced  period  of  life,  inconsequence  of  the  diminution  of  the  pupU, 
a  certain  degree  of  astigmatism  produces  less  disturbance.  With  all 
this  the  astigmatiBm  certsinly  maintains  about  its  original  d^^. 

The  disturbance  of  vision,  connected  with  this  anomaly,  is  very 
peculiar.  It  is  neither  to  be  compared  with  that  proceeding  from 
defects  of  the  retina  (andjl)opia),  nur  with  that  from  obseuratiou  of 
the  media,  nor  even  with  that  which  is  the  result  of  ametropia.  In 
the  ordinary  forms  of  amblyopia,  the  projection  into  the  field  of 
vision  is  uncertain  and  not  accurately  circumscribed ;  in  obscurations 
the  diffuse  light  scattered  over  the  retina  produces  a  mist  before  the 
eye,  which  diminishes  the  contrast  between  light  and  shade  of  the 
objects ;  in  a  state  of  refraction  not  corresponding  to  the  distance 
at  whicH  the  objects  are,  each  point  is  represented  by  a  circle  of  dif- 
fusion, and  by  the  mutual  overlying  of  these  numberless  curcles,  the 
contours  of  the  ohject.s  are,  as  it  were,  ellaced.  In  astigmatism,  on 
the  otlier  hand,  in  contrast  to  amblyopia,  the  projection  in  the  tield  of 
vision  is  as  yet  perfectly  accurately  delined,  and  is  correctly  described  : 
thus  the  astigmatic  individual  will  state,  to  the  minutest  particulars, 
under  what  partly  bhick,  partly  grey  lines,  a  figure,  for  example  the 
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oompoiuid  imnan  letter     appean.  But  tlie  retinal  image  itself,  placed 
in  an  unaltered         before  the  ejts,  by  the  projection,  deriatea  in 
form  and  in  distiibation  of  tight  ao  moeh  from  the  object,  that  he  is  not 
m  a  poatkm  to  leeogniae  the  kttor  from  H»  at  kaat  whea  the  imgea 
of  difevent  adjoining  oljeota  cover  one  another  and  the  compofMit 
lines,  in  all  directions  and  with  different  degreea  of  difltiBetneaa,  cfoaa 
one  another.    Clearly  also  irregular  astiLnnatism  here  plays  a  great 
part :  it  rauses,  that  in  the  meridian  wherein  the  refraction  deviates 
most  from  the  required  condition  of  accommodation,  double  images 
ahaey  >^  hi(  h  may  exceedinglj  magnify  the  confusion.    It  is  now  easy 
to  nnderstand  how,  in  the  endeavoor  to  goess  at  the  form  of  objecti^ 
from  the  alternating  images  which  appear  in  the  agitation  of  aoeom- 
modatMrn^  pajeUcal  firfagoe  la  aoon  created,  with  which,  under  acme 
drcBmstanoes,  aa  the  leanlt  of  the  eiceattve  teoflon  of  aecommoda* 
tion,  pheDomena  of  asllienofna  aTe  combined.   It  ia  therefore  no 
wonder  that  astigmatic  persons  should  feel  so  exceedingly  pleased  at 
the  correction  of  their  anomaly,  and  should  manifest  their  pleasure 
in  a  more  lively  manner  than  ordinary  anietropic  individuals. 

It  has  already  been  shown,  that  regular  congenital  astigmatism 
generally  depends  npon  asymmetry  of  the  cornea,  while  the  cases  in 
which  the  lens  plays  the  principal  part^  are  among  the  rarest  exceptions. 

A.— Of  WH^emtal  tegular  mHgmaHm  if  ike  eerme^  we  have, 
from  the  pomt  of  Tiew  of  refraction  in  the  two  principal  mcridiatt^ 
distinguished  three  forms  (compare  p.  482)  :  the  myopic,  the  hyper- 
metropic, and  the  mixed.  Each  of  these  has  its  peculiarities,  which 
will  best  appear  by  describing,  after  a  short  introduction,  one  or  more 
cases  of  each  form. 

1.  Myofiic  astigmatism. — Of  this  we  have  two  forms  :  a,  simple 
myopic  astigmatism.  Am,  when  emmetropia  in  the  one  pxindpai 
meridian  is  combined  with  myopia  in  the  other ;  b,  compound  myopic 
astigmatism,  M  +  Am,  when  myopia  exists  in  both  the  principal  meri- 
dians, bat  in  a  diffsrant  degree.  To  this  latter  form  bdoogs, 
among  others,  the  case  of  Airy. 

At  first  I  supposed  that  myopic  astigmatism  occurs  only  excep- 
tionally. The  first  cases  which  I  saw,  all  belonged  to  the  hyperme- 
tropic form,  a  few  to  the  mixed.  Subsequently,  the  proportion 
changed,  and  now  I  think  it  may  be  established,  that  in  eight  cases 
of  astigmatism  nearly  one  belongs  to  the  myopic  form.  In  genenl, 
bowe? er,  it  is  only. 
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a.  Simple  myopic  attigmaHm. — ^Absolate  emmetropia  in  one  of 
the  principal  meridians  is  a  condition  not  easQy  met  with.  Strictlj 
speaking,  tlieiefoTey  cases  of  simple  mjopic  astigmatism  scaroelj 
occur. 

13 lit  shall  we,  where  the  shghtest  trace  of  myopia  exists  in  the 
?:econd  meridian,  consider  tlie  anomaly  to  be  compound  myopic,  or 
when  combined  with  the  least  trace  of  hypermetropia,  to  be  compound 
hjpermetropic  astigmatism?  This  would,  it  appears  to  me,  not  be 
practical.  To  the  idea  of  simple  astigmatism  a  certain  latitude 
most  be  allowed.  M  =  in  general  requires  no  correction,  nor  does 
H  s  in  yonng  persons :  a  simple  cylindrical  glass  is  tben  qnite 
suiBcient.  Only  it  will  appear,  that  in  proportion  as  correction  by 
a  simple  cylindrical  glass  leaves  a  little  H  or  ^f,  as  accommodation 
diminishes,  respectively  earlier  or  later  than  usual,  combinaLion  with 
a  convex  spherical  surikce  will  be  required  for  near  objects. 

Case  i.  BimpU  mjfopie  astifftnaUtm, — ^Bfr.  stodsiit  in  divinity,  now 
tw«itj-one  jean  of  age,  oonanlted  me  three  yean  smce.  I  diagnosed  my- 
opia about  eompUcated  with  amblyopia.  The  degree  of  myopia 
was,  however,  not  strictly  definable,  on  aoeoimt  of  the  diminiahed  acutenoai 
of  vision.  The  latter,  in  ihct,  amounted  to  scarcely  |,  eo  that  the  patient 
could  disringniiih  ordinaiy  print  only  at  a  short  In  ^Hiieh  the  ex- 

isting myopia  was  very  serviceable  to  him. 

He  had  large  prominent  eyes,  clear  media,  only  a  trace  of  atrophy  of  the 
membraru's,  on  the  outside  of  the  optic  disc, — moreover,  this  disc  was 
redder  than  is  normally  the  case,  witliout  heiiif^  redder  than  it  usually  ap- 
pears in  young  myopic  persons,  who  read  and  write  much.  He  thought 
that  his  power  of  vision  had  latterly  diminished ;  but  he  had  never 
had  easy  sight,  and  had  never  been  able,  particularly  in  the  evening,  to 
continue  long  at  a  time  engaged  in  close  work. 

Sneh  a  diitnrbanee  is  my  common  in  my  opes.  Bat  in  them  it  has 
umally  developed  itMlf  at  a  definite  time,  and  as  the  result  of  conttnned 
work  in  a  stooping  position,  while  the  power  of  vision  had  previously 
been  qnite  snlBcieai.  I  have  therefore  donhted,  whether  in  this  case  the 
canse  of  the  amblyopia  was  to  be  sought  therein,  and  moreover,  derivative 
means,  artificial  leechee,  oold  douches  to  the  eye,  &e.,  were  employed  in 
vain.   Finding  no  improvement,  the  patient  ceased  his  visits. 

Some  weeks  ago  he  ag'iin  presented  himself.  His  power  of  %nsion,  he 
stated,  was  so  detective  that  he  feared  he  should  not  be  able  to  continue 
his  btudii  s.  He  was  anxious,  before  finally  making  up  his  minil.  to  eonsult 
me  once  more.  My  former  notes  were  referred  to,  1  immediately  sus- 
pected that  astigmatisni,  previously  overlooked  by  me,  muj»t  exist  in  this 
case. 
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In  favourable  light  he  saw  ynih  both  eyes,  and  with  each  eye  separatelr. 
No.  I  at  tlu'  (lisfjince  of  from  2i "  to  3*.  At  a  gjcat  distance  the  acutcne&s 
of  VLsion  wu.s,  tor  the  right  eye,  =  J.  for  the  left  eye,  =  J.  Negative 
glaiises  improved  the  sight,  but  eoinparatively  little  :  and  yet  he  preferred  a 
strong  glaiis,  about  ,'3,  with  which  the  acutene.ss  of  vLsioo  roae  to  |.  The 
existence  of  astigmatism  had  thus  beeome  probable. 

"We  therefore  proceeded  to  the  trial  with  the  point  of  light  (compare  p. 
454).  Theright  eye  saw  the  pointof  light  at  a  line  /,  inoliiuiig  nearlj  90* 
ontwaidi,  and  to  it,  anned  with  ^  tibe  line  appeared  itill  kmger  and 
slighter;  with  and  with  jf  it  was,  on  the  other  hand,  at  the  aune  time 
broader  and  complicated  with  aeoondiiy  linea.  With  from  —  ^  to  —  ^ 
the  image  was  nearly  romid,  with  |  it  waa  spread  out  in  a  directloB 
perpendicular  to  its  primary  <me.  It  wa.s,  however,  rather  changeable,  to 
that  the  glass  with  which  the  moat  slender  horizontal  image  was  obtained 
was  difficult  to  define,  the  more  so,  as  this  image  was  not  a  pure  line,  but  a 
rather  compound  figure  extended  in  a  recumbent  position.  The  eye  wa-<* 
now  armed  with  and  a  negative  glass  was  alternately  placed  before  the 
potiitivc  one,  on  which  the  opposite  directions  formed  a  cross,  which,  when 

the  native  glam  waa  -i^  consisted  of  the  slenderest  lines. 

The  direction  of  both  prindpol  meridians  was  thns  ascertained.  Throogli 
a  slit,  If  nun.  wide  j  held  in  the  direction  of  the  horiaontal  prin- 

dpal  meridian,  the  acoteness  of  vision  rose  to  poeitiye  and  negative 
glssses  held  in  front  of  the  slit  produced  no  fhrther  impfovement.  The 
ssme  slit,  held  before  the  vertieal  prindpal  meridian,  prodneed  no  fwnntial 
advantage ;  on  the  addition  of  —  <^  the  acuteness  of  vision  rose  to  ^.  As 
to  reading  at  a  short  distance,  this  was  only  slightly  improved  by  looking 
through  the  horizontal  slit,  on  the  contrary  it  was  very  ocmsiderably  im- 
proved by  looking  through  the  vertical  slit. 

A  glass  of  c,  the  axis  of  the  surface  being  held  in  the  direction  of  the 
vertical  meridian,  caused  No.  I  to  be  casilv  read  at  nearly  double  the  dia- 
tanee,  ^c,  and  at  more  than  double  the  distance ;  on  the  contrary,  when 
the  axis  of  the  cylindrical  surfaces  coincided  with  the  horizontal  principal 
meridian,  even  No.  IX  could  no  longer  be  decii)hcrcd.  At  a  distance 
—  y'g  c,  tlie  axis  coinciding  with  the  horizontal  principal  meridian,  wa.s  louiid 
excellent :  with  it  the  acuteness  of  >ision  rose,  under  favourable  circuui- 

stances,  nearly  to^.   The  patient  had  never  before  had  an  idea  what  acnte 

vision  vras,  and  felt  nncommonly  happy. 

Black  lines,  inclining  90®  outwards,  were  pretty  aecnrately  seen  at  a 
distance  without  glasses,  while  lines,  peipendicular  to  these,  were  awroely 

recognised  as  lines.    "When  a  glass  of —  held  before  the  eye,  the 

greatest  8hari)ness  of  the  latter  was  obtained,  and  the  first  could  only  with 
tension  of  accommodation  be  tolerably  satLsfactorily  seen. 

Time  did  not  admit  of  the  radii  of  curvature  of  the  cornea  being  measured. 
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That  asymraotry  existed  in  this  coat  could,  however,  be  inferred  from 
"the  form  of  the  rcflt  c  tt  d  image  of  a  square  surface  inclining  .'JO*'. 

The  atrophy  of  the  membranes,  observable  on  the  outside  of  the  optic 
disc,  bad  Increased  nnoe  the  ftnt  cnuniiiatioii.  Hie  lettnal  TOMola, 
miuiiog  In  ike  durection  of  the  Tertical  prindpal  meridian,  were  in 
'the  non-inserted  image  aeenratefy  reoogniaed  by  an  emmetropio  eye;  in 
cnder  to  see  those  ranning  in  the  direction  of  the  horiaontal  meridian  in 

t.he  non-iuvertcd  image,  a  negative  glass  ol"  ubuut  —  ^  was  required.  In 

the  inverted  image  it  was  difficult  to  establish  the  diffinenee  in  i^ifffflif  of 
the  variously  directed  blood-vessels. 

The  i0  eye  preeented  a  remarkable  correspondence  with  the  right. 

Here»  too.  Am  existed  abont  s  ~y  and  the  vertical  principal  meridian  in- 

clined  about  GO**  outwards  \.  A  more  accurate  description  appears  therefore 
to  be  quite  superfluous. 

JSpiarim,  or  eriUeai  remarkt,* — The  eaae  here  described  is  one  of  the 
thonsands,  in  which  astigmatism  has  been  looiked  npon  as  amblyopiai  and 
baa  been  treated  as  such.  If  the  aimleaa  and  energetic  treatment  was  only 
▼ezations  to  the  patient,  his  Jogr,  when  he  foond  his  sight  at  all  distancea 
improved  by  suitable  glasses,  was  indescribably  great.  He  was  accustomed 
always  to  hold  even  large  print  at  a  very  abort  distance  from  the  eye, 
partly  in  order  by  looking  ander  a  greater  angle  to  make  amends  for  his 
diminished  acuteness  of  vision,  partly,  as  an  associated  movement,  with  the 
convergence  and  tension  of  accommodation,  to  contract  his  pupil,  and 
thereby  to  diminish  the  ditiusion-images.  On  this  excessive  tension  of  ac- 
commodation required  for  more  accurate  definition,  depend  the  phenomena 
of  astlicuopia,  usually  observed  in  astigmatic  jKTsons.  Probably  the  am- 
blyopia remaining  after  correction  of  the  astigmatism,  is  likewise  a  result 
of  the  excessive  strain  connected  with  the  strongly  stooping  position  so 
injnriona  to  the  eye.— It  will  have  been  obserred  that  the  patient  saw  better 
at  a  distance  with  tolerably  strongly-negative  spherical  glasses:  this,  too, 
appears  attributable  to  the  fiict,  that  the  tension  of  accommodation  required 
in  the  QM  of  theee  glasses,  gave  rise  to  eoostriction  of  the  pi^il,  and  thna 
to  dimbration  of  the  difltarion-imagea. 

I  prescribed  for  the  patient  provisionally,  only  glasses  of       j^c,  with 

which  he  saw  bothdisiant  and  near  objects  satisfactorily.  His  range  of  accom- 
modation amounted  to  nearly  |,  and  as  he  had  accustomed  himself  to  strain 
his  power  of  accommodation,  it  cannot  appear  strange,  that  he  at  first  re- 
quired no  other  spectacles  for  reading  and  writing.  However,  it  is  to  be 
expected,  that  the  excessive  teusiou  of  accommodation  will  soon  cease,  and 


*  This  term,  employed  in  the  original,  ought  to  be  introduced  into  our 
medical  Tocabnlary ;  it  has  the  aanetion  of  Oalen  for  its  nse — ^  rwy  dta 
wtipas  tvpn/K0fitif9t¥  ^ori6i)iiarmf  iwUpunt»^S»  H. 
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•hoald  owtianad  mA  Hhm  tnm  mam  iaonveniBttce,  I  pnpoM  ts  imb> 
nfliid  him  the  vm  of  U-cylmdlrical  glatnt  of 

whereby  the  astiginatism  shall  be  corrected,  and  a  alighi  decree  of  inpfk 
ia  all  BKridians  ahall  be  produced.  Should  the  acBteness  of  Tinon  boaw 
pcfiwt,  of  which  (now  that  excessive  tendon  in  a  stooping  positioo  k  ■ 
longer  necesmrv)  there  is  9ome  prospect,  be  will  mot  reqiiize  theae  htta 
glaam  until  a  more  advanced  period  of  life. 

b,  Compommd  w^fopie  oiH^maiiim,  M  +  Am. — Of  oompooc 
m}  opic  astigiiiatisiii  I  liare  seen  only  a  few  cases.  It  oocms  under 
the  fonn  ol  myopia,  oooiplicrted  wiili  ambljo^mu    It  Is  esftk 

recognised  according  to  Air3r*8  method.  This  accounts  for  the  fact  thu 
this  form,  notwithstanding  its  rarity,  was  the  first  to  be  discovered 
Eyrs  so  alTectcd  see  near  comparatively  better  than  distant  objects^ 
aad  by  spherical  negative  glasses^  which  correct  the  uiyopia  in  the 
principal  meridian  of  greatest  curvatoN^  the  acuteness  of  vision 
of  dkUnt  objects  is,  paiticaUurlj  in  young  penoiu»  improred.  Per* 
feci  acuteness  cl  yiskm  at  a  disUaoe  is,  howem,  attainable  onh 
by  means  of  negative  spberico-cytindrical  passes,  wbile  for  nev 
objects,  when,  as  occnned  in  most  of  the  cases  observed  by  me,  the 
myopia  is  slight  in  the  principal  meridiiui  of  ^veakt^^t  curvature, 
simple  negative  cylindrical  glasses  are  in  general  tiie  besL 

Gasb  n.  Co$npaimd  m^tfie  tui^maHtm. — "While  tbcac  ahecti  an  paoBf 
throngli  tbe  prass,  a  case  ocenra  to  me,  remarkable  enough  to  jnsti^  ki 
maertioii  hoe.  Mn.  F.,  nearsighted  from  youth,  and  having  in 

eye  perfect  acuteness  of  viinioii,  complained  some  years  ago,  of  nrrorinaiBy 
recurriog  flickenngt  before  the  right  eye,  followed  by  a  vecjr  truMBlon 
disturbance  of  \nsion.  About  six  months  since  these  flickering^  retamed. 
but  on  this  occasion  the  disturbiuice  of  vision  was  f>ermaiuiit.  At  first 
there  was  n  considerable  scotoma,  in  which  the  vcllow  spot  w  o^s  incluut-d. 
while,  moreover,  the  superior  half  of  the  field  of  viiiion  in  general  appeared 
fainter.  After  numerous  slij^ht  moditications  in  foi-ra,  during  the  tu>t 
•weeks  after  it  set  in,  a  small,  cu-cumscribed  scotoma  tinally  rt-mainc-d.  is 
part  abeolntely,  in  |)art  relatively,  insensible,  with  a  defined  bouudj<uj, 
projecting  almost  immediately  above  the  point  of  diieet  virion;  in  tk 
higher  parts  also  of  the  field  of  virion  a  alight  degree  of  torpor  lemaJati 
The  eye  reads,  however,  but  not  without  txoiiUe»  ^riiile  the  line  sibove  wkt 
is  read  is  in  great  part  invirible. 

The  ophthalmoscopic  investigation  is  negative.    Certainly  nothing  tb> 
normal  is  to  be  seen  in  the  portion  of  the  retina  oorresponding  to  the 
toma  (bordering  infcriorly  npon  the  yellow  spot),  and  whether  the  ranootlt, 
glitterinn;  appeamnee  of  a  part  of  the  optio  disc  is  to  be  oonsidcied  ■• 
due  to  atrophy,  is  at  least  very  doubtful. 

The  left  eye  gives  M  about  as  ^  but  at  the  same  time  posaeases  acutaMH 
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of  visum  of  only  y   Ophthalmoscopieally,  no  abnoimi^  was  found.  Siu- 
pectin^  astigmatisiii,  I  tumedt  while  the  eye  was  armed  with  —  ^ 
round  before  the  eye,  and  thereupon,  the  axis  being  horizontal,  the  acutenees 

of  vision  immediately  rose  to  §,  to  descend,  when  it  wan  pcr{K'ndicular, 
below  ^.  Trial  with  the  point  of  light  gave,  with  the  addition  of  a  weakly 
positive  glass,  an  extension  in  breadth ;  with  a  nej^ative  glass  of  —  ^  or 
more,  scurcely  any  extension  in  leng^.  Much  irregular  aAtigmatiiim 
exists. 

With  the  aid  of  the  stenopseic  alit  I  found ; 

in  V,  M  =  ; 
in  H,  M  =:  ^, 

indicating  an  astigmatism  of     —  ^.j)  about  ^. 

At  a  distance,  horizontal  strokes  are  seen  better  than  >  ertical ;  with  ^^ 
the  horizontal  are  perfectly  defined,  and  at  the  same  time  the  vertical  ones 
have  become  more  distinct,  attaining  perfect  distinctness,  however,  first 
with  —  i- 

l^thont  glasMS  Nob  I  is  reoognlsed  at  the  distanee  of  about  6".  With 
^e,  the  aads  being  horiaootal,  whereby  in  all  meridians  H  s  |,  No.  I  is 
read  at  8*:  the  greater  aenteness  is  very  striking)  the  patient  emphatieally 

distinguishes  between  simple  recognition  and  acute  vision.  The  riglU 
eye  is  found  to  be  affected  by  the  same  form,  and  by  almost  the  same 
degree  of  As  as  the  lefL-r-for  both  eyes  I  prescribed, 

(1.)  —  ik'C  —  double  eye^gl^ss  for  distant  objects,  whereby 

II  =  3C, 

(2.)  ^  c,  whereby  R  is  brought  to  9't — very  well  adapted  for  seeing 
minnte  objects  accurately,  and 

(3.)  —  ^3  «  C  — 34  where  by  U  is  brought  to  lie  at  4^  feet ;  thes^-  glasses. 
Specially  debtined  to  look  ut  the  model,  which  is  painted,  might,  at  plea- 
sore,  be  worn  as  spectacles. 

I  shally  moreover,  have  ift  glass  ground,  in  which  the  cylindrical  sorfiice 
diaU  represent  —  Jp  end  the  spherical  siirfiiee  diaU'  haTe  two  fed  (emvs 
d  doubh  Jbjfef^,  acting-,  namely,  in  its  npper  pert  as  —  ^  in  its  lower  as 
i  or  as  —  ^  By  this  the  astigmatism  wffl  be  removed,  and  the  fSurthest 
point,  seen  through  the  upper  part  of  the.  glass,  will  be  bronght  to  4| 
fleet,  through  the  inferior,  to  15"  or  20*  respectively. 

itmarkt. — I  have  already  (p.  60>  stated,  that  in  almost  all  the  coses  of 
abnormal  astigmatism  obser\'ed  by  mo,  without  exception,  the  principal  meri- 
dian of  maximum  of  curvature  approximated  to  the  vertical  position.  In  the 
case  here  described  we  find  the  confirmation  of  the  rule  :  that  there  is  no 
rule  without  an  exception.  Here,  in  fact,  just  as  with  Young,  the  maximum 
of  cun'ature  coincides  nearly  with  the  horizontal  meridian,  the  minimum  of 
curvature  with  the  vertical.  The  patient  had  not  been  aw  are  that  she  saw 
less  acutely  than  other  people.  I  therefore  think  it  probable  that  Young 
also,  whoee  astigmatism  was  of  about  the  same  degree,  incorrectly  ascribed 
psiftet  aontsneas  of  vision  to  himself;  and  sbonld  many  of  his  aconrate 
olnervatioas  be  adduced  as  proob  of  the  oootiary,  I  wonld  state,  on  the 
oUwr  hand,  that  my  patient  drew  and  painted  very  respectably.  Thia  ap- 
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ptrcot  enlgiiiA  it  cmQj  Mdred.  Myopic  pawni  an  •ccwtamed,  i&  «rdcr 
to  Me  more  aentelj,  to  equeeae  tiieir  eyelids  elooe  together :  the  nanow 
aUt  thus  produced  diminliihea  the  eurdeeof  diffuioB  in  the  Tettical  Hmem^ 
rion.    If  astigmatinn  coeziflt»  a  narrow  alit  has  a  doahly  advantagcMi 

eflbst,  at  it  allows  only  the  lays  to  enter,  which  fiiU  in  meridiona  of  neaily 
equal  radius  of  airvatnrc.   Hence  it  follows  that,  while  ordinaiy  myepea. 

from  narrowing  the  slit,  derive  advantage  only  in  Imddng  at  remote 
ohjcpts,  situnted  beyond  the  distance  of  distinct  vision,  astigmatica  findtht'ir 
jHjwor  of  vision  improved  also  for  near  objei  ts.  A  very  slender  slit  almort 
entirely  removeM  the  di>turbancc  dependent  on  astii^niutism,  and  the  actite- 
ness  of  viHion  would  thereby  iKtome  nearly  perfict,  if  the  disadvantage* 
of  diffraction  and  diminution  of  light  did  not  intervene.  My  patient  un- 
doubtedly also  made  u»e  of  narrowing  the  slit,  even  in  looking  at  near  ob- 
jects, and  the  question  is  whether  Young  did  not  also  do  so.  Meanwhile  she 
waa  lond  in  her  commendation  of  the  advantage  obtained  from  a  eylindrienl 
glass:  littie  pictures  eapecially  were  with  it  seen  mneh  more  acatriy. 
And  by  holding  n  cylindrical  glass  befnre  the  eye*  non-astigmatie  peisooa 
can  easily  convince  themaelyea,  how  rapidly  the  definition  of  n  pietore 
Buffrrs  from  that  defect. 

Narrowing  the  slit  between  the  eyelids,  so  uniyeml  in  myopia,  does  not 
belong  to  astigmatiHm  in  general.  Especially  in  hypermetropic  astigmatism 
it  is  alrac^t  always  absent.  This  would  appear  to  have  its  explanation  in 
the  fart,  that  in  this  instance,  in  the  horizontal  meridian  a  high  degree  of 
hypt  rnutropia  exists,  which,  not  being  overeome  by  the  accommodation, 
leaves  great  diffusion  in  this  direetiozi,  and  then-fore  nflbrds  no  advantage. 
Could  tlie  eyelids  admit  of  a  vertical  slit,  hypermetropic  astigmatics  would 
undoubtedly  have  made  use  of  it. 

The  scotoma  whieh  ezista  in  the  right  eye  of  my  poticnt,  ia  in  no  way 
connected  with  the  astigmatism. 

Bespecting  the  glasses  preacribed,  little  remains  to  be  said :  only  a  word 
in  reference  to  the  glasses  4  douNe/o^,  In  old  people^  with  acquired 
hypermetropia,  I  hsTe  often  applied  them  with  nnich  advantage*  far  ex- 
ample, positive  glasses  of  ^  in  the  npper,  of  ^  to  J  in  the  lower  part. 
Moreover,  in  painters,  who  in  the  upper  part  desired  and  also  really  needed 
R  =  X,  in  the  lower  part  =  24"  to  12'.  My  patient  used  —  y',,  in  ortfer 
to  see  at  a  distance ;  and  in  painting,  looked  over  her  spectarh  s.  At  the 
same  time  narrowing  the  slit,  she  had  lu  r  fartliest  point  at  only  9".  This 
distance,  in  one  sense  too  sliort,  made  good  on  the  other  hand  the  want  of 
acuteness  of  vision.  I  thought,  the  habit  once  formed  of  painting  nt  so 
short  a  distance,  that  the  farthest  point  might  be  brought  to  not  more  than 
Id*  or  20*. — So  far  I  had  never  yet  combined  a  cylindrical  surface  with  a 
spherical  one,  A  double  foyer.  Snch  a  combination  cannot*  however,  in  my 
opinion,  produce  any  inconvenience. 

2.  li'/iirrmelropic  afitupnatism. — Most  cases  of  abnormal  astigiua- 
tisnt  iM'luiig  to  the  hypermetropic  form,    lu  general  experience  has 
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shown,  that  in  hypermetropic  eyes,  even  when  tlic  astigmatism  con- 
tinues within  the  iiuiits  of  the  normal,  the  asymmetry  is  greater  than 
in  myopic  and  emmetropic  eyes ;  and  it  is  therefore  not  surprising 
that  preciaely  those  eyes  aie  alao  most  anbject  to  ahnormal,  and 
indeed  to  tlie  hij^est  degrees  of  aat^^matiam.  We  shall  oer- 
taiofy  not  be  far  from  the  troth  in  assuming,  that  of  six  hyper- 
metropic eyes,  one  suffers  from  abnormal  astigmatism,  and  that 
the  imperfect  acnteness  of  vision  so  often  combined  with  hyperme- 
tropia  is,  in  one-half  of  the  ca^,  in  a  great  measure  attributable  to 
astigmatism. 

Tlie  majority  of  cases  belong  io  simple  hypermetropic  astigmatism. 
While,  namely,  in  the  horizontal  meridian  the  hypermetropia  is  con- 
aideiable  (from  to  i  and  more),  we  find  in  the  vertical  if  not 
emmetropiay  at  least  such  slight  d^^rees  of  myopia  or  of  hyperme- 
tropia, that  the  limits  of  simple  hypermetropic  astigmatism  are  not 
surpassed.  However,  I  have  also  seen  numerous  cases  of  compound 
hypermetropic  astigmatism,  rising  even  to  H  I  in  the  principal 
meridian  of  strongest  curvature  with  H  \  in  that  of  weakest. — In 
young  persons  hypermetropia  in  the  meridian  of  maximum  of  curva- 
ture appears  first  on  artiticial  paralysis  of  the  accommodation. 

As  to  the  form  of  the  eye,  I  would  remind  the  reader,  that  in 
hypermetropic  astigmatism  the  radius  pe  of  the  cornea  in  the  hori- 
sontal  meridian  is  often  unusually  great  Moreover,  we  caUi  in 
extensive  movements  of  the  eye,  often  satisfy  ourselves,  that  the 
visual  axis  ib  short,  and  that  the  vertical  axis  of  the  globe  is 
less  than  the  horisontal. 

The  function  of  the  eye  characterises  the  condition  as  II,  with  di- 
minished acuteness  of  sight.  With  this  a  great  degree  of  asthenopia 
is  connected.  For  a  short  while  large  print  can  still  be  read,  but  soon 
fatigue,  and  sometimes  even  pain,  occurs.  One  of  the  patients  (with 
Ah  =  Ts)  aged  26,  recorded  the  following : — "My  occujiation  is  that 
ol  a  derk.  The  first  effort  to  work  was  the  most  painful.  There- 
upon dazzling  soon  followed,  obliging  me  to  shut  my  ^es,  and  to 
keep  them  closed  for  some  time*  After  that  my  work  went  on  some- 
what better,  but  I  found  it  impossible  to  woric  all  the  forenoon;  I 
was  constantly  obliged  to  leave  off.  At  the  end  my  eyes  were  pain- 
ful, and  I  felt  best  when  I  walked  for  a  considerable  time  in  the  open 
air,  out  of  the  sun.  In  the  evening,  by  gai^light,  my  work  went  on 
at  first  pretty  well,  but  soon  red  dazzling  came  on.   I  was  then 
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obliged  ereij  time  to  kwe  and  with  iatig:iwd  and  painlbl  c^es  I 
letnrned  home"  He  got  <^  0  to  work  with  and  to  wear.  There- 
upon he  communicated  to  me  : — "  On  using  the  spectacles  I  fonnd, 

even  on  the  first  day,  an  incrtciible  improvement  (his  acuteneae 
of  vision  was,  in  fact  brought  from  |  to  I).  Next  day  I  expe- 
rit'iiced  no  painful  jiffection,  and  I  found  it  easy  to  work  uninter- 
ruptedly the  whole  moruiiig.  I  saw  everything  infioiteljr  aharper. 
In  the  evening  I  experienced  not  the  slightest  incoTivenience  from 
the  light. — In  the  open  air,  too,  when  I  walk  without  the  apeo- 
tades,  I  .am  free  from  pain.  Bpectadea  whidi  I  had  before  tiied 
(ordinary  spherical  glaaaes),  bad  been  of  no  oae  to  me.'' 

In  hypermetropic  aatigmatiam  the  Tiaon  of  ^ystant  objeota  n 
improved  by  positive  glasses,  particuhirly  in  the  compound  form ; 
but  even  whiu  the  accommodation  is  removed  by  a  mydriatic,  it 
appears  to  be  impossible  to  determine  with  precision  the  degree  of 
H.   This  circumfitanifie  in  itficli  leads  us  to  suspect  astigmatism. 
Horizontal  stripes  are,  moreover,  seen  at  a  distance  more  dittinrtij 
than  vertical  ones.    Some  have  of  themselves  observed  this ;  some 
even  mention  it  unasked.   In  this.  respiHst  we  have  here,  therefore^ 
precisely  the  op[)osite  of.  what  we  observe  in  myopic  astigmatism : 
in  the  latter,  vertical  lines  alonie  are  distinct  at  a  distance.  Eape- 
cially  in  the  simple  forms  Am  and  Ah,  this  contrast  is  strongly 
marked.    By  means  of  a  splierical  negative  glass  we  can  change 
Am  into  Ah;  and  by  a  positive.  Ah  into  Am,  the  directiou  oi'  dis- 
tiuctly  seen  stripes  being  at  the  sam^  time  iuvertedL 

a.  Simple  hypermetropic  aeiifimtUim,  —  Of  this  I  ohserved  a 
case. 

Case  xil  Am  hi       right,  wUk  Ah  in  ike  left  eye.^'Mx.  R. 
bmgomaster  at  O.,  aged  88,  eould  in  earlier  yean,  at  interrala,  read 
and  write,  though  only  with  great  ezertioiL  Latterly  this  has  beoome 
almcat  unpoanble  to  him.    In  vain  he  endeaviniied  by  means  of 
speotftcles  to  remedy  this  state  of  things.    Very  itrong  light  still 
avails  him  most.    The  left  eye  has,  at  a  distance,  acutcness  of  viaioBoC 
^,  the  right  of  {.    He  expressly  states  that  the  left  eye  at  a  diiftanee  sees 
double,  and  that  the  lines  of  uUJuining  letters  cover  one  another.   I  imme- 
diately suspected  astigmatism,    ^\'it]l  ^^c,  turned  round  before  this  eye,  the 
acutcness  of  vision  was,  in  the  horizontal  position  of  the  axis,  diminished 
to     in  the  vertical  it  was  broug:ht  to  perfection  =  1,    The  same  glass  pro- 
duces no  improvement  whatever  before  the  right  eye :  however  the  glass 
may  be  turned,  everything  at  a  distance  remains  indistinct   And  yet  it 
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WAS  with  this  eye  he  could  read  better.   That  m  the  left  eye  about  ^  Ah 
existed,  was  ascertained  by  the  above  experiment ;  what  was  deficient  in 
the  right  cyv  was  not  yet  evident.    Strokes  having  bei  ii  fixed  at  a  distance, 
lie  stated  that  with  the  left  eve  he  saw  the  horizontiil  cues  di;»tinctlv ;  but 
lie  now  at  the  same  time  discovered,  that  with  the  riglit  eye  he  saw  tlic 
vertical  ones  almost  quite  acutely,  while,  on  the  contrary,  he  could  dis- 
tinguLsh  little  or  uothing  of  the  horizontal.    1  now  perceived  that  in  the 
right  eye  Am  must  exist*  and  with  —    e,  the  axis  being  held  horizontally, 
be  saw  with  this  eye  at  a  distanee  almest  quite  acutely.  Henoe  it 
lowed  at  the  same  tune,  that  with  ^  e,  in  a  vertical  poiition  of  the  azia,  he 
•honld  reed  admirahly ,  and,  in  fiwt,  with  it  No.  I  waa  aeen  at  the  distance 
of  a  foot :  the  acnteoesa  of  riaion  waa  perftet.  He  now  atated  to^e,  that 
objectH  appeared  smaller  to  the  unaided  left  eye  than  to  the  right,  and  on 
strict  inspection  it  waa  not  to  be  mistaken,  that  the  left  eye  waa  leaa  pio- 
minent. 

Thus,  by  an  unusual  mode,  I  had  immediately  oscertaiiu'd,  tolerably 
clearly,  the  condition  of  both  eyes.  The  systematic  investigation, 
was,  however,  not  neglected.  The  ri^rht  eye  saw  the  point  of  light 
as  a  vertical,  the  left  saw  it  as  a  hori/ontul  stroke  ;  by  —  f'^  the  first 
was  chani^i  d  into  a  horizontal,  by  ^'g  the  second  was  changed  into  a  verti- 
cal btioke :  the  principal  meridians  did  not  perceptibly  deviate  from  the 
horizontal  and  vertical  pUmes.  Thxongh  a  slit  If  mm.  wide,  held  in  a  ver- 
tieal  direction,  the  left  eye  had,  at  a  diitanec^  8  s  with  glasses  of  ^  some- 
thing still  to  be  improved;  the  right  only  |,  with  —  prising  to  |.  Near 
at  hand,  on  the  contrary,  tiie  light  eye  xe^  very  easily  tlurough  the  slit 
held  veitioally,  the  left,  under  similar  cireumstanoes,  read  with  difficulty. 
Through  a  horizontal  slit  the  right  eye  had«  dt  a  distance,  acutoness  of 
vision  of  |,  which  was  not  to  be  improved  by  glasses ;  while  the  left  eye  saw 
at  a  distance  very  imperfectly,  and  required  glasses  of  from  ^'^  to  y'j.  That 
through  the  horizontal  slit  tlie  left  eye  can  scarcely  read  at  all,  the  light 
eye  only  imperfectly,  is  in  lucordancc  with  ail  the  foregoing. 

From  the  above  experiments  we  now  deduced : 

Eighi  eye,  in  v,  M  =  ; 

in  H,  K : 

L^t  §y9t  in  V,  II  =  i ; 

inu,  H  =  ^. 

In  the  right  eye  there  was  therefore  Am  ^  without  complication.  In 
the  left,  properly  Ah  =  ^  —     =  y,. 

"With  y^c  on  the  left,  and  —  ^^c  on  the  right,  there  was  good  vision  at 
a  distance,  and  spectacles  furnished  with  these  glasses  were  worn  with 
nmcli  satisfaction.  The  same  spectaeles  were  quite  msuificicnt  lor  reading. 
It  appeared  that  there  was  only  slight  accommodation.  ConscqucDtly  it 
wss  thought  necessary,  for  near  work,  to  bring  the  &rthest  point  R  to  from 
18  to  20*.  This  was  accomplished  by  placing  before  the  right  eye  a  simple 
cylindrical  glass  of  ^  e,  before  the  left  a  spherioo^lindrical, 
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JBlMMrfct.— Tlw  tbore  cm  nrrw  to  ahow  haw  aadgmatkm  nuj  mw- 
tilMt  be  diieovered  by  a  more  direct  method  than  the  ajstenuitic  inrcA:- 
gatioD.  Kxmination  with  the  ophtliulmoaoope  might  also  have  kd  dimtb 
to  the  same  result :  on  relaxation  of  accommodation  I  saw  in  the  left  rr? 

• 

only  #!ie  horizontal,  in  the  right  only  the  vertical  vessels  well-dt  fined.  Hotr- 
evcr,  to  save  time,  it  is  better  for  those  who  have  not  cxamine-d  marj 
ustij^niatic  patientf.  to  keep  to  the  niles  laid  down.  But  in  caries  wbm 
perfect  t  inmc  ti  opia  exists  in  one  of  the  meridians,  we  may  attain  car 
object  more  quickly  by  the  trial  with  cylindrical  ^^lasses ;  e»ucii  ca^^ts  src 
however,  exceptional. 

On  a  eaheeqnent  Tint  of  this  patient,  I  oanaed  Idm  to  look  through  dnk 
"violet  glawBH,  towards  a  square  Olamiiuited  opening  (compare  p.  473  u 
What  I  eipeeted,  took  place:  with  the  ri^^t  eye  he  saw  the  upper  margiii 
blue,  witii  the  left  the  oater  margins  red;  and  on  holding  before  his  e^ 
glasses  of  —  4»  ^  ^VP^  maigins  appeared  to  the  right  eye  htmt,  the 
outer  margins  red,  while  for  the  left  eye  both  were  reversed. 

It  was  above  remarked,  that  objects  appeared  smaller  to  the  left  eye  than 
to  the  nq-ht.  This  does  not  depend  upon  astigmatism.  Astigmatina 
caused  the  vertical  dimensions  of  objects  to  appear  greater  in  both  eyes 
(compare  p.  471),  and  this,  too,  was  actually  the  case.  On  the  other  hand, 
that  objects  were  apparently  greater  to  the  right  eye  than  to  the  lef^.  wa- 
thc  result  of  the  longer  visual  axis  in  the  first  eye.  In  both  the  comet 
had  the  same  form,  most  probably  the  same  was  true  of  the  lens,  and  the 
only  diflerence  between  the  two  eyes  would  therefore  be  the  differcnc^e  in 
the  length  of  the  vimal  axis.  Now  whete  this  dliliBrence  exists,  the 
second  nodal  point  lies  in  the  right  eye  fiurther  from  the  retina  than  is 
the  left,  and  the  retinal  images  are  therefore  greater  in  the  first.  If  a* 
extension  of  the  retina  be  combined  therewith  (atrophy  of  the  OMBh 
branes  was  not  seen  with  the  ophthalmoscope),  the  greater  retinal  image 
is  also  projected  greater* 

By  this  the  difference  in  magnitode,  exhibited  by  the  objects  in  the  two 
eyes,  is  explained.  On  correction  with  glasses,  the  magnitude  of  the  ob- 
jects is  altered :  with  jK)sitive  glasses  the  nodal  point  moves  forward,  witi 
negative,  backward.  Nearly  always  we  shall  tind,  that  where  the  eyes  are 
unequal,  the  placing  of  R  at  an  equal  distance  for  lK)th,  produces  an 
inversion  in  the  magnitude  of  the  images:  the  eye.  which  required  tht 
strongest  negative  or  the  weakest  positive  gla-snes,  now  sees  objects  small- 
est. If  the  difference  be  great,  it  may  cause  disturbance,  and  the  latter  mu:^ 
often  be  avoided  at  the  sacnflce  of  distinctness  of  Tiston  in  one  eye.  Bj 
pladng  the  glasses  very  dose  before  the  eye,  and  by  correct  calonlatioBtf 
the  enrvatore  of  the  sorfiwes  of  the  glasses,  whereby  theur  nodal  points,  ati 
similar  focal  distance,  aoqnire  another  position,  we  can  pertly  ooontV' 
act  this  defect 

In  the  case  under  consideration,  the  difference  in  magnitude  of  the  oIk 
jects  before  both  eyes  was  nearly  corrected  by  the  cylindrical  glaases,  |» 
vided  they  were  held  close  in  front  of  the  eye.  .At  \vi\st  no  inconvem'enw 
proceeded  from  it.   Only  when  the  glssses  were  not  dose  to  the  comes,  did 
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tlie  difference  in  magnitude  of  the  images  become  rather  confusing.  The 
cause  is  to  be  sought  in  the  fact,  that  the  hypormetropia  of  the  left  eye 
was  not  completely  corrected  by  the  glasses,  and  on  this  side,  with  the 
glaaaw  ftiteiided  for  raiding,  the  farUiest  point  continued  more  remote 
from  the  eye.  Gertaiolj  a  slight  degree  of  ktent  hypennetropia  ww  alio 
present^  endt  moreoTer,  I  gave  i^sin  place  of  ^  «.  In  leading,  the  left  eye 
■aw  leM  aevtely  with  the  glaaiee  than  the  right. 

6.  Compomui  hypermetropic  Mtigmatxtm  has,  with  a  high  degree  of 
hypermetropia  in  the  horizontal  meridian,  usually  a  reUtively  slight 
degree  of  it  in  the  Yeitical.  In  the  latter  I  have  nrdy  found  the 
hypermetropia  greater  than  A ;  several  times  about  while  in 
the  horisBontal  meridian  the  hypermetropia  may  amount  to  \  and 
more.  It  thus  appears  that  the  compound  hypermetropic  astig- 
matisin  often  keeps  very  close  to  the  simple. 

It  is  remarkable,  that  in  general  the  disturbance  of  vision  was  less 
than  should  have  been  expected  from  the  degree  of  the  astigmatism. 
Usually  we  find  the  disturbance  of  vision  not  proportionate  to  the 
degree  of  the  astigmatism :  the  size  of  the  pupil,  its  poBiti<m 
in  reference  to  the  axis  of  the  cornea,  its  constriction  in  accomroo- 
dation,  the  form,  too,  of  the  curvature  in  the  different  meridians,  the 
complication,  finally,  with  irregular  astigmatism,  eierdsety  all  com- 
bined, a  great  influence. 

CSase  IV.  Compound  h\j per meir opto  asfi'^mati'sni. — Mr.  K.,  ag^cd  18  years, 
has  never  seen  acutely  ;  he  states  that  he  observes  a  shadow  along  the 
marg:in8  of  objects  ;  at  his  work  ho  has  always  sou^'ht  for  stronjj  light,  and 
has  nevcrtheleiis  soon  perceived  symptoms  of  asthenopia.  Notwithstanding 
this,  he  has  applied  himself  pretty  closely  to  study.  Some  yeais  ago  he 
had  consulted  an  oculist,  who  had  referrt^  the  disturbance  to  congenital 
amblyopia,  and  had  therefore  oonsidered  it  to  be  incurable.  This  opinion 
fooad  the  more  aooeptance,  as  his  brother  (with  a  normal  oondition  of  the 
right  eye)  had  in  the  left  a  dirtorboncet  oomnponding  to  that  in  the  two 
qresof  our  patient.  In  his  parents,  and  the  other  children,  the  acateneM  of 
rinon  is  satisfiustory  in  both  eyes. 

Having  been  attacked  by  a  slig^ht  oonjunctivitiH,  the  patient  called  upon 
mo.  This  eoom  gave  way ;  but  it  appeared  that  the  acutencss  of  vision  of 
the  left  eye  was  only  ^;  of  the  right,  for  near  objects,  it  was  f,  for  distant,  J. 
Ophthalmoscopic  examination  showed,  in  the  llr^t  place,  that  the  optic 
discs  were  as  red  as  the  fundus  oculi  in  general,  —  which  capillary 
hyptnemia,  in  consequence  of  great  strain,  with  the  head  in  a  stoop- 
ing position,  is  irequeutly  developed,  especially  in  young  people.  But 
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■It  the  MM  time  I  obwrred  tllat,  while  the  hoiiMitel  ratiinl 
dlght  touioii  of  MOoauBodetioo,  wore  easily  seen,  the  Tertaeal  eiMhilri 
themiehree  nort  dktiiietljr  with  e  Ins  of  |.  Hibheld  good  torhtAtjtL 
Coueqnently  thm  wee  no  dooht  of  the  exktesee  of  aatigiBatiaB.  Oe 

heingr  asked  whether  he  saw  horizontal  end  vertical  stripes  at  a  dirtaaat 
equally  well,  the  patient  immediatelj  answered,  that  he  had  Aminilj  R* 
marked,  that  he  eould  distingfuish  the  vertical  lines  on  n  taigeC  eeemiih. 
only  when  he  inclined  his  lund  (juite  horizontally. 

The  radii  of  curvature  of  the  two  corncre  were  measured,  in  the  fii>^ 
place,  in  the  lioriznntnl  plane  (II),  exactly  in  the  visual  line  p^,  10^  to  the 
nasal  vide  on',  20*-  t<<  the  nasal  side  10**  and  20^'  to  the  temporal  sid?, 
and  ;  and  in  like  manner  in  the  vertical  plane  (V),  finst  in  the  ^i- 
bual  line  p^,  and  .subsequently  10*^  and  20®  upwards  pti\  ps",  and  10"  aa*i 
20®  downwards  and  pi'.  In  each  place  the  mean  of  six  observations  im 
taken.  The  calculated  reeulta  are  aa  follow : 

In  n  la  y 

wByAl  iy»,  pn''  =  9-80  ^  as  8-(>4 

pH'  =  8-76  s=  7-47 

=  8-32  p»  =  7-30 

pt  =  8-24  p/  =  7-08 

ft  s=  6  61  pi"  =  7-82 

Left       ^  ss  10*38  pi'  =  7*59 

pii'        8-58  pT  as  7-43 

p«  as  8-38  p«  SB  7-38 

pf  =  8-30  p^  ax  7-21 

s=  8-57  pt'  ^  7-55 


Henee  it  appcara  in  the  fintplaee,  that  the  oorneaezhihits  n  high  dcgm 
of  aitigmatiam  (the  difeenoe  of  the  radii  of  eorratBre  in  the  iriaoal 
gma  for  the  right  eye,  Aa  s  1  :e-374,  for  the  left  eye,  Aa  as  1  :fr0); 
aeoondlyi  that  the  eceentrioity  of  the  vertical  elliptical  section,  capeeialfyia 

the  left  eye,  is  very  slight ;  thirdly,  that  the  form  of  the  curvature  defktai 
oonaiderably  from  the  ellipse ;  fourthly,  that  the  visual  line  cnts  the 
oornea  in  a  pmnt,  which  is  situated  very  much  to  the  inside  of^  and  at  Iht 

same  time  very  much  beneath,  the  npex  of  the  cornea. 

In  the  right  eye,  the  accommodation  was  paralysed  by  sulphate  of  atro- 
pia.  Thereupon  the  acutcness  of  vision  diminished  considerably,  and  im- 
proved comparatively  little  by  positive  glasses  =  ^'g  to  \.  The  diflfusioc- 
iniages  of  a  point  of  light  showed,  that  the  vertical  principal  nitridiim  in- 
clined about  seven  degrees  outwards,  the  horizontal  au  equal  number  of 
degrees  •outwards  and  downwarda.  With  ^  to  ^  the  moat  alender  hoB> 
zontal  line  waa  ieen«  from  which,  however,  mraieroaa  aocemory  lines  pn»> 
ceeded;  with  ^  the  difltasion-image  waa  ahorisontal  rhomb  wftkj 

it  was  a  vertical  rhomb  ^,  with  I  it  was  a  very  irregular  square  figure,  bent 

in  at  hoth  aides,  which»  with  ^  changed  into  a  vertical  line,  thirhetiwl  ii 
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'tlie  centre  and  with  ramified  extremities,  and  was  slif^htcst  with  |,  licld 
at;  Y  froni  the  eye.    Evidently,  therefore,  there  was  much  irregular  asti^- 
xnatism  ;  the  regular  appeared  to  amount  to^'j  —  j',  =  1  :  o-36.  However, 
"we  found  on  examination  with  the  ophthalmoscope,  and  on  trying  the  cylin- 
drical glasses,  a  slighter  degree,  namely  about  \,    Manifestij  no  accurate 
yMMlt  mM  to  lie  dbtdned  iri^  tiie  linear  diflluuin-lnuigea.  The  appliefttimi 
«xf  the  method  of  detenmning  the  refraetive  eonditioa  in  the  two  prineipel 
meridiaaB,  with  the  aid  of  a  slit,  I  had  not  yet  leaned.  Moreorer,  I  stiU 
poaaeaicd  only  one  eylindiloal  glasB,  and  that  of  |.  Thia  glaaa,  held  at  moat 
1'  from  the  eye,  improved  the  sharpneaa  of  viaioii  from  |  to  }.  The  ques- 
tion is,  wl^ther  with  ample  choice  of  glasses  no  greater  acuteness  of  vision 
would  have  been  attainable.  Probably,  in  order  wholly  to  exclude  asthenopia, 
tbiaeye  would,  for  proximity,  require  a  spberico- cylindrical  glass,  while  pro- 
visionally, a  simple  cylindrical  glass  is  sufficient  for  distance :  for  in  the 
range  of  accommodation  of  youth,  the  then  remaioing  total  hypermetropia 
of  jg  is  easily  enouf^h  overcome. 

Of  the  left  eye  it  is  noted  only,  that  it  likewise  is  hypermetropic  in  the 
t"WO  principal  meridians,  that  the  acuteue^s  of  vision  at  a  dii'tunce  amounts 
to  |,  with  ^  increases  to  |,  moreover,  that  glasses  of  ^  c  produce  a  con- 
siderable improrement. 

On  other  phenomena  I  tiunk  it  nnneoeamy  to  dwell.  F^om  what  haa 
pveoeded  we  are  in  a  poaition  to  piediet  them  without  fear  of  being  pnt  to 
alMune  by  the  naolt.  A  leoi^tnlatlon  and  aaalyaia  wonld  be  onty  repeti- 
tion. I  piefrr  reeotding  some  pointa  from 

Ca8B  t.— relating  to  the  brother  of  the  above  patient,  Mr.  B.,  Jr. 
In  the  firrt  plaoe,  aa  to  the  radii  of  cnnratnre  of  the  two  eome«,  we 
found:— 


In  H  In  ▼ 


Right  «ye,  (MH* 

=  9-10 

I»i'=:8*i2 

=  810 

=  8*38 

=  811 

i=  8-10 

=z  S  10 

p»'  =  8-27 

=  »10 

pf*  =804 

=  9-74 

p^s8-08 

=  8-78 

pi  =7-98 

—  8-14 

p**  =769 

pt' 

—  8-61 

ptf  =  7-85 

=  8*77 

ps'=7e8 

A  glance  at  these  numbers  shows,  that  the  kit  cornea  has  a  much  huialk  r 
radius  of  curvature  in  the  centre  of  the  vertical  section,  than  in  the  centre 
of  the  horiiontol  aectioa,  while  for  the  right  cornea  the  ladii  of  cnrvatnie 
are  equal  in  both  direetkma.  In  aocordanoe  herewith,  the  acnteneso  of 
virion  in  the  ri^t  eye  ia  perfiwt,  and  for  the  left  amounts  to  only  /g,  and 
at  the  flame  time  the  large  lettera  of  the  flame  line  whieh  are  atill  recog- 
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niieddoiiolftppMrtoiCandrQgnlarijiiiftilnigliftB^  FiirtliBr»  tlie  c«r> 
^•tim  of  the  ooniM  it  in  Imth  eyes  ray  irregiilar :  in  the  first  plaee  Hm 
ndine  20^  above  the  vinoal  line  ib  itill  shorter  than  ia  that  linii  ■■ 
•noinaly  whieh  I  had  never  before  met  with,  either  in  sound  or  ia 

astigmatic  evee,  and,  secondly,  in  the  horizontal  meridian  of  the  rij^ht  ere, 
the  radiu-s  of  curvature  towards  the  temporal  side  apjK'ars  to  remain  unal- 
tered throughout  a  great  extent.  It  is  evident,  that  from  the  ascertained 
value,  therefore,  no  ellipses  are  to  be  calculated.  Further,  it  dc5<.rve« 
attention,  that  the  form  of  tlie  astigmatism  of  the  left  eye  quite  agree*  with 
that  ob^t-rM'd  in  both  eyes  of  the  patient's  brother.  An  h}*permetropic 
astigmatism,  probably  with  hypermetropia  in  both  meridians,  prevails  in 
this  instance.  If  without  glasses  a  point  of  light  be  leenaa  the  moat 
dander  horiaontal  atioke,  and  with  |  aa  the  meal  ikoder  Tcrtioal  atrokeb  it 
ia  to  be  ezpeeted  thai  with  artificial  nqrdriaaia  a  weakly  poeitiTe  glaaa 
should  be  required  to  see  the  moat  slender  horiaontal  atrdce,  and  n  glaaa 
stronger  than  ^  to  see  the  most  slender  vertical  atnha.  The  direction,  too, 
of  the  principal  mcridiaaa»  najt  even  the  peculiar  form  of  the  diffusion- 
imagea  agwes  in  both  cases,  ao  that  neither  did  the  iixegnlar  aatigmatiam 
present  any  remarkable  difference. 

The  nearest  points  at  which  vertical  and  horizontal  \%*ire8  were  acutely 
seen,  were  determined  coiiij)anitively  for  the  ripfht  and  left  eye  of  this  per- 
son :  these  ili.stunces  lay,  lor  the  right  eye,  rc.sj)e(  tiveiy  at  9^'  and  6^',  with 
glasses  of  i  at  .ig'  and  .i^'/ ;  for  the  left  eye,  with  glasses  of  J  at  Sand 
at  3i  inches.  The  accuracy  with  whieh  these  distances  were  obtained,  left 
nothing  to  be  desired ;  but  evidently  the  ditfcrence  of  asymmetry  was  also 
reflected  in  these  numbers,  and  it  even  appears  from  them,  that  in  tiie  ver- 
tical meridian  the  two  eyes  did  not  diftr  mneh  from  one  another.  Tliat 
the  right  eye,  even  in  the  vertieal  meridian,  haa  aome  latent  hypennetiopia, 
ia,  with  the  great  diatanoe  of  the  neaieat  point  of  diatinet  viaion,  acaroely 
to  be  doubted. 

With  a  eylindri(  al  glaat  of  ^  e  the  disturbance  of  vision  of  the  left  eye 
was  almost  entirely  corrected,  and  rice  vend,  a  glass  of  ~  ^  c  (with 

opposite  direction  of  the  axis)  produced  a  condition  in  the  right  eye, 
nearly  agreeing  with  that  of  the  left.  The  experiments  tried  in  this  respect 
were  remarkable.  In  particular,  in  alternate  production  and  correction  of 
the  astij^matism  in  each  of  the  two  eyes  the  difference  in  form  of  the  objects 
and  in  distinctness  of  the  strokes  of  diiferent  direction,  were  as  satisfactory 
to  us  as  they  were  surprising  to  the  patient.  What  has  been  above  said 
respecting  the  apparent  magnitude  of  the  different  dimensions  of  a  square, 
befoia  and  after  the  erroeotion  of  the  aatigmatiBm,  was  in  thb  *ftTtTi**nit  also 
folly  oonflrmed. 

I  had  leeently  an  opportunity  of  again  examining  Ifr.  R.,  and  noted 
the  following: 

In  tha  parpendionlar  image  the  emmetropio  indiridual  seea,  with  relaza- 
tion  of  hia  aoeommodation,  the  horiaontal  retinal  Temela  of  tha  lalk  eje; 
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with  strong  tension,  or  with  p^lasses  of  he  sees  the  vertical.  The  optic 
disc,  seen  in  the  inverted  iina<;e,  is  extended  in  breadth,  which  is  par- 
ticularly striking  on  cumparisou  with  the  optic  disc  of  the  right  eye. 

Szaminfttioii  with  the  ttenopeio  dit  gives  for  the  Tertical  meridian 
a  s  ^  fi»r  the  horisontal  H  =  ^.  With  the  rertieal  slit,  the  aoateneie 
of  vinon  riaee  at  a  distance  from  ^  to  and  a  remote  point  of  light  is 
with  it  seen  as  a  point.  The  horisontal  ^  prodnoesy  as  snoh,  no  improTe- 
ment,  but,  with  the  addition  of  it  canses  the  aenteness  of  yision  to  rise 
to  \ . — The  patient  prefers  holding  the  slit  at  from  I''  to  1|''  from  the  eye. 

— With  ^  «  C    e  the  aeuteness  of  vision  beoomes  about  ^  with  ^  c  it 

becomes  about  ^ 

3.  Mixed  Axtigmatiim.'^kxs^  and  Ahm.  We  have  remariced, 
tliat  most  cases  of  myopic,  and  especially  of  bypennetropic,  astig- 
matism, ditl'er  little  from  the  simple;  the  same  may  be  predicated  of 
the  mixed,  wbether  we  find  a  bigb  degree  of  H  in  the  horizontal 
princi})al  meridian,  combined  w  ith  a  slight  dcgrtM^  of  M  in  the  vertical, 
or  a  high  degree  of  M  in  the  latter,  with  i^light  hypenuetropia  in 
the  horizontal.  The  occurrence  of  nearly  equal  degrees  of  the  two 
forms  of  ametropia  in  the  opposite  principal  meridians  is  an  excep- 
tion. To  this  the  sabjoined  case  most  nearly  approaches,  in  which, 
however,  the  degree  of  asjmmetij  was  not  considerable. 

Casi  yt. — Anih  in  the  left  eye. — Mr.  Y.,  aged  59  years,  has  in  the  right 
eye  8  s=  |,  in  the  left  S  =  The  right  eye  is  nearly  emmetropio:  im- 
prorement  of  Tisioa  at  a  distuioe  by  ^  is  doubtfid ;  —  ^  acts  injuriously. 
Experiments  with  the  point  of  light  afford  no  proof  of  abnormal  regular 
astigmatism,  but  indicate  "a  higUy-deTeloped  iii^gular  astigmatism. 

From  youth,  the  patient  has  been  unable  to  use  his  left  eye  \  howoTery 
there  ezists  neither  obaoority  nor  organic  change  in  the  fandus  oculi. 
Positive  and  negadTO  q>herical  glasses  produce  no  improyement  The  re- 
flected images  of  the  cornea  had  suggested  the  idea  of  asymmetry.  Examina- 
tion with  the  ophthalmoscope  afforded  the  proof  of  it:  in  the  non-inverted 
image  I,  as  an  emmetrope,  saw,  with  some  ti  nsion  of  my  acconiniodation, 
vertical  vessels  of  the  retina  perfectly  acutely;  horizontal  vessels,  un  the 
contrary,  appeared,  on  tt  nsion  of  accommodation,  very  faint,  and  on  perfect 
relaxation  were  not  well  dutined.  I  hence  inferred  the  existence  of  myopia  in 
the  vertieal,  and  of  hypermetropia  in  the  horisontal  meridian.  On  ezami- 
nation  with  the  point  of  light  the  principal  meridians  seemed  to  deviate  little 
from  the  ▼ertioal  and  horiiontal  planes;  the  most  ilender  vertieal  line  was 
seen  with  ^  the  most  slender  horisontal  with  —  ^.  The  diagnosis  was: 
mixed  astigmatism  s  ^,  composed  of 

The  cornea  more  than  fully  accounted  for  this :  the  radius  of  eunratnie  in 

84 


Digitized  by  Google 


530 


ASTiOMATiSM* 


the  ynmul  lint  amomited,  in  Um  horiMotel  plaiw»  to  8-29  wbml,  in  &• 
TertMal  ss  7'60g— IndiMtiDg  an  astigmatiMB  of  1 : 11-07.  WhOe  (at  hmft 
bjr  the  motbod  with  tlio  point  of  Uglit)  mdj  Aak  ^  «m  fimnd,  Um 
OfyitoIUne  lona  appcond  to  oonipeniato  in  pvt  for  tbe  aitigBnluBi  «f  tltt 

cornea. 

Quite  in  aocordance  with  the  ametropia  in  both  principal  mehiiMm, 
the  left  eye  sees  at  a  diatanoe  Tertieal  lines  a  little  better  than  bori^ontal 
With  /,  horizontal  lines  are  still  more  indistinctly  visible,  while  Ttrtitid 
lines  are  acutely  seen.  /'»><•  rersd^  with  —  ^  horizontal  lines  art;  very 
well  seen,  vertical  lines,  on  the  contrary,  are  only  faintly  perceptible-  The 
a.stigmatic  lens  of  Stokes,  brought  to  the  action  of  2  x  =  ^,  makes  the 
acuteness  of  vinion  at  once  four  times  greater,  by  bringing  it  from  to  |. 
With  ^  Cf  combined  with  —  ^  s,  it  rose  above  |,  and  was  therefore  6UJi 
hotter  than  in  tho  right  eye. 

For  daeteneea  flnt  gkaewM  pnaoribed  for  the  right  eye;  ftrtiie  lefts 
bi-oylindfieil  gU«  of  ^  c  r  —  A  ^  mtk,  I  wis  anTioni,  the 

•enttneei  of  viiion  net  Imng  periseti  to  hring  R  to  IT,  Thia  was  efibeted 
by  means  of  a  spherioo-oylindrioal  glass  of  ^  «0  ^  o:  trith  ^,  in  foot,  B 
in  the  vertical  meridian  (ij  +  »  =  becomes  =  12',  and  with  ^'^  c  R  in 
the  horiiontal  is  made  equal  to  R  in  the  vertical.  Hereby  the  right  eye 
now  acquired  simply  y,  ».  The  imnges  were  of  nearly  eqnal  magnitude,  and 
the  vision  was  with  both  even  at  the  same  time  very  pleaaaat>  Yision  with 
the  left  eye  was  more  acute  llian  with  the  rii^ht. 

JlcmarhH. — This  case  was,  notwithstandin<;  the  slight  degree  of  II  in  the 
horizontal  meridian,  referred  to  mixed  astigmatism.  1  felt  justifi«-d  in  thi« 
because,  with  the  very  slight  range  of  accommodation  belonging  to  the 
patient's  time  of  life,  the  hypermetropia  oould  by  no  means  be  overcome. 
The  Utter  niii8t»  therefore,  neoessarily  be  oomoted,  and  this  would  havs 
been  eerrieeable  also  even  in  a  yonng  person,  althongh  the  latter  ahonhi, 
with  ^  A  Ot  hare  seen  aeately  at  a  diatanoe,  and  eren  in  reading  ahodd 
bare  ezperienoed  bnt  little  inoonvenienoe. 

The  aontenesB  of  vision  of  the  left  eye  was,  in  comparison  with  the  degree 
of  astigmatism,  very  imperfect.  One  might  have  been  inclined  to  connect 
the  important  disturbance  with  the  singular  circumstance,  that  the  aaoer- 
tained  degree  of  astigmatism  was  the  resultant  of  a  doulde  asyrometry, 
namely,  of  a  greater  asymmetry  of  the  cornea,  and  of  an  oj)jx>sile  and 
slighter  asymmetry  of  the  crystalline  lens ;  but,  were  this  supposition 
correct  we  could  not,  in  my  opinion,  have  expected  the  considerable  im- 
provement from  cylindrical  lenses,  which  we  have  indicated.  Raising  the 
acuteness  of  vision  from    to  above  \  may  be  considered  extraordinary. 

The  diminished  aeateneaa  of  Tision  of  the  right  eye  also  appean  to  me 
aomewhat  enigmatieaL  It  ia  indeed  tme  that  at  59  years  of  age  it  is  only 
exceptionally  still  perfect ;  bnt  it  is  eqnally  rare  to  find  it  faUen  to  |, 
without  any  perceptible  anatomical  change.  If  oreoYer,  it  is  tbe  role,  that^ 
in  astigmatism  of  the  one  eye,  notwithstanding  the  most  perfect  oorreetion, 
the  aontoness  of  vision  of  the  astigmatic  eye  oontinues  inferior  to  that  of  the 
other.  In  this  instance  the  opposite  was  found.  I  am  therefore  atriMigly 
inclined  to  assnme,  that  in  the  right  eye  also  astigmatism  was  present  in  a 
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degree  whieh  intarfbrod  with  the  aonteneaa  of  Tinon.  No  Monimta  ixLTeati- 
eation  WM  mad«  on  this  point;  nor  won  the  ndii  of  oatfitnM  of  the 
oornea  meunnd. 

The  speotMdes  intended  for  leeing  at  a  diatanoe  oould  afford  the  patient 

no  great  advanti^,  oommensiirate  with  the  trouble  of  wearing  them ;  but 
neither  was  there  anj  oljeotion  to  allow  their  use,  if  desired.  Spectacles 
for  near  olijecta  were  maoh  more  important.  Leaving  out  of  consideration 
even  the  advantage  of  stereosoopio  vision,  reading  with  two  eyes  is  much 
pleasanter,  and,  if  the  acuteness  of  vision  of  both  eyes  is  imperfect  (provided 
there  be  no  obscuration),  also  much  easier  than  with  one  eye :  the  acuteness 
of  vision  is  even  perceptibly  increased  by  it.  In  ordt  r  to  distinguish  small 
objects,  still  stronger  spectacles  might  be  allowed:  in  that  case,  in  the  com- 
bination of  the  spherioo-cyUudrioal  glass,  j',.c  remains  oonstant  and 
needs  onl j  to  be  ineieaaed. 

B.  We  have  seen  that  when  the  cornea,  by  itself,  produces  an 
abnormal  degree  of  congenital  astigmatism,  the  lens  may  increase, 
but  commonly  diminishes  the  same.   In  the  latter  case,  the  astig- 
matism of  the  cornea  continues  to  predominate ;  in  the  fonner  the 
action  of  the  lens  is  weaker,  and  is  therefore  to  be  considered  only 
as  acoessorj.   But  in  a  few  cases  it  occurs,  on  the  other  hand,  that 
the  existing  abnormal  degree  of  astigmatism  may  be  said  to  be 
dependent  on  the  crystalline  lens ;  and  a  very  remarkable  case  of  this 
nature  is  described  by  Dr.  Knapp,*  in  whic  h  the  peculiar  form  of 
the  crystalline  lens  was  the  cause  of  an  astigmatism,  in  great  part 
regular.   Less  rarely,  an  abnormal  position  is  the  cause.  This 
condition  may,  in  the  tirst  place,  be  congenital.    Numerous  cases 
have  been  known  in  which  the  lens  was  situated  so  eccentricaUy, 
that  the  equator  passed  through  the  plane  of  the  pupil,  and  thus  a 
portion  of  the  plane  of  the  pupil  remained  without  a  lens.   In  this 
case,  then,  astigmatism  exists  in  a  manner  to  produce  great  dis- 
turbance, but  it  is  of  an  irregular  nature,  and  cylindrical  glasses  are 
incapable,  in  this  instance,  of  producing  any  improvement  (see  Irre- 
gular Astigmatism,  in  §40).    Some  cases,  however,  occur,  where 
the  displacement  of  the  crystalline  lens  is  so  slight  that  the  latter 
still  occupies  the  whole  plane  of  the  pupil,  but  at  the  same  time  has 
so  oblique  a  position,  as  to  give  rise  to  a  considerable  degree  of 
tolerably  regular  astigmatism.    Some  years  ago,  before  I  was 
in  the  habit  of  investigating  the  disturbance  of  function  in  asymmetry 
with  the  requisite  accuracy,  a  case  of  this  nature  occurred  to  me.  I 
shall  here  merely  communicate  what  was  noted  at  the  time. 

*  ArclUcf.  Ophthalmohffie,  B.  viii.  Abth.  2,  p.  229. 
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Case  vii. — AstiffmatiAm.  from  coyujenital  ecctntricity  of  tJte  cry^4ilUtie 
Una, — Jacob  I)  ,  a;r«  il  20,  called  on  nie  on  the  24th  of  April,  I  KGO:  he  had 
myopia  =  }  in  both  eyes,  S  =  i  in  the  left,  S  =  J  in  the  rijj^ht  * }  e.  Ly 
holding  the  negative  glass  obliquely  before  the  right  eye,  the  acuttne&s  of 
vision  could  be  broui^ht  nearly  to  \.  Long  vibual  axis  ;  on  the  wb(^ 
large  eyes.  In  neither,  however,  wa«  there  atrophy  of  the  dunrioidat*  but 
in  tlie  left  was  a  white  imgnkrljr  drciimMnbed  spot,  aMiowcr  tliam 
tlw  optio  diso,  boneath  whidi  it  was,  and  oonoealing  the  twmIi  of 
the  retina.  The  ehambera  of  the  eyea  were  ihellow ;  at  the  aame  tiaw 
there  wai  a  very  marked  iridodenoeis,  partioolariy  at  the  inferior  portm 
of  the  iiie ;  there  was  good  reflecting,  but  little  aeeommodating,  moremcmi 

of  the  pupils.   The  total  range  of  acoommodation  of  the  left  eye  was  ^ ; 

neTertheleia,  when  the  myopia  waa  neotraliied  by  — ,  plsoed  at  I''  from  the 

nodal  point,  the  nearest  point  in  the  left  eye  lay,  E  heing  =  oo,  at  17'. 

Thnmi  ^  the  aetioii  of  eolphate  of  atropia,  the  pupils  acquire  an  appa- 
rent diameter  of  8|  mm.  The  iridodenosu  at  the  same  time  eontiniiiea. 
Now  it  appean,  that  a  eertain  spaoe  exists  between  the  iria  (displeoed,  it  ta 
tme,  Torj  much  forwards)  and  the  oryetalline  lena,  and  at  the  aama  tinie 
that  thia  laat  lies  eocentrioally.    On  examination  with  the  ophthalmo- 
■oope,  we  aee  on  the  outside,  a  narrow,  scythe-shaped  red  margin  aitmnd 
the  equator  of  the  crystalline  lens;  this  bright  margin  becomes  broader 
when  we  look  a  little  from  within  outwards  into  the  eye,  but  if  we  pass 
still  more  inwards,  it  rapidly  becomes  again  narrower,  and  in  the  riglit  eye 
even  altogether  disappears.    Kvidently,  tlierefore,  the  outer  margin  of  the 
lens  displaced  inwards  and  upwards  lies  more  forward  than  the  ujij-er  and 
inner  margin,  particularly  in  the  right  eye.  Tlie  reflected  image  of  the  ante- 
rior surface  of  the  lens  is  faint  in  both  eyes,  diliicult  to  see,  situated  very 
near  the  reflected  image  of  the  eomea,  and  on  movement  of  the  flame  moving 
more  than  the  last  The  refleoted  image  formed  by  the  posterior  aurfaee 
of  the  crystalline  lena  atanda  at  a  tolerably  great  diataaee,  and  oonsuler- 
ably  higher  than  the  oomeal  image.  With  the  phaeoidoeoope*  (oont  the 
method  in  Nederl.  Lancet^  3rd  Soiee,  Part  III.,  p.  242),  looking  from  the 
outer  side  into  the  left  eye  under  an  angle  of  30**  with  the  visnal  Une^ 
while  the  flame  stood  in  the  line,  which  on  the  other  side  made  an  angle 
of  SO**  with  the  visual  line,  the  distance  between  the  reflected  oomeal 
image  and  the  posterior  lenticular  image  amounted  to  3J  mm.,  and  the  line 
uniting  these  images  made  an  angle  of  3'^"  with  the  horizontal  plane, in 
which  the  visual  line,  the  liame.  ami  the  eye  of  the  observer  were. 

On  examination  with  the  ophthalmoscope  in  the  inverted  image  the 
vessels  exhibit  in  and  near  the  optic  disc,  with  the  ordinary  movements 
of  the  objective  lens,  in  the  left  eye  aoaroely  any,  in  the  right  eye  a  very 
eondderable  parallaetio  movement  (the  direotion  of  whioh,  in  eonnexka 
with  the  movement  of  the  lena,  ia  not  noted). 

The  oomesd,  meaaored  in  a  plane,  earned  horisontally  through  ^ 

*  The  author's  inatrament  for  measuring  the  ehange  of  shape  of  the  leas 
in  acoommodation  (see  p.  16). — ^Tbakslator. 
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visual  line,  gaTO,  a«  p°,  in  the  visual  line,  as  pn'  and  pn',  ll*'  23'  and 
22«  46'  on  the  nasal  side,  and  as  ptf  and  frf*,  11°  23'  and  22«  40'  on  the 
temporal  side  of  the  visual  line,  the  following  feenlto  (eaoh  number  being 
the  mean  of  four  measoremenU) : 


Might  9ffB, 

pn'  =  8-70 

8*87 

pn'  =  816 

8-16 

=  8-14 

8*10 

pt  =  8-21 

8»17 

fUr  =  8-61 

8*50. 

Henoe  it  appean,  that  the  oorne»  have  a  great  ndins,  that  the  ellip- 
soidal enrYatnre  in  the  horizontal  plane  is  very  regular,  and  has  a  sli^j^ht 
eooentriotty,  and  finaUy,  that  the  axie  of  the  eomea  and  the  visual  line 
nearly  ooineide. 

Jifmarhft. — I  wish  only  to  establish  more  fully,  that  the  crystalline  lens, 
particularly  in  the  Tv^\\i  eye,  had  an  oblique  position,  causing  its  axis  to 
deviate  very  much  from  that  of  the  cornea,  and  that  at  the  same  time  a 
diminished  acuteness  of  vision  existed,  admitting  of  improvement  by  means 

of  an  oUique  poiitioii  of  the  negative  lens  of  —      whereby  lha  myopia 

•J* 

vas  ooneoted.  Attigmatim  therefore  existed.  And  although  we  muit 
regret»  that  neither  the  direetion,  nor  the  degree  of  the  requisite  fnidination 
of  the  azia  of  the  negative  lens  were  notedi  and  that  therefore  the  dtreetion 
and  degree  of  the  existent  astigBUitism  thereby  oorreoted  are  unknown, 
and  al^ough  we  should,  moreover,  have  been  glad  to  know  the  ourvature 
of  the  cornea  in  the  vertical  plane,  in  order  to  exclude  the  cornea  as  a  cause 
of  the  astigmatism,  I  neverthelesa  feel  justified  in  ascribing  the  observed  as- 
tigmstism  to  the  oblique  position  of  the  crystalline  lens.  The  existence  of 
this  category  of  astigmatism  is  thus  proved,  and  this  may  for  the  present 
suffice. — The  different  results  of  measurement,  which  I  have  communicated, 
may  subsequently,  when  it  shall  be  thought  desirable  for  the  comparison  of 
more  of  such  eases  with  one  another,  be  emj)loyed  in  calculation. 

It  also  detrerves  mention,  that  three  elder  brothers  and  one  sister  of  the 
patient  have  normal  eyes,  but  thst  a  younger  brother,  and  perhaps  also 
the  mother,  mSkx  from  the  same  de&et. 

II. — ^ACC^UULEO  £.£GULa&  AsnOllATISM. 

A.  Depending  on  the  Cornea. — Tn  all  the  forcgoiiitr,  acquired 
astii^malism  has  scarcely  been  mentioned.  I  must  acknowledge  that, 
until  a  short  time  ago,  I  thought  it  of  little  importance.  Yery 
selclom  does  it  depend  on  an  oblique  position  of  the  ciystalliDe  lens 
caused  by  partial  luxation ;  and  if  disturbances  of  the  cornea  be  its 
cause,  insular  astigmatism  is  almost  without  exception  to  be 
expected.  I  therefore  supposed,  h  priori,  that  cylindrical  ghisses 
would  in  tliia  ca^^e  but  little  or  not  at  all  remedy  the  disLurbaucc  of 
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vision.  The  result  has,  however,  in  many  instances  proved  the  con- 
trary. In  a  case  of  a  central  speck  upon  the  cornea,  1  performed 
iridectomy,  and  obtained  a  well-formed  papil^  only  in  the  centre 
admitting  some  diffuse,  but  otherwise  zegulady  refracted,  ligbt 
throng  the  oornea.   Nevertheless^  the  acateness  of  viflion  was  mj 

imperfect :  while  the  eye  had  ^  hjpermetropia,  Na  VX  could  nol 

even  with  glasses  of  ^  be  read.   The  letters  had  a  strange  form; 

in  an  oblique  direction  they  <  xliibitcd  an  irregular  prolontifation.  On 
ophthalmoscopic  invciitigation,  the  movement  of  the  objective  lens 
appeared  to  produce  a  con  si  denible  parallax.  T  tried  the  combinaiion 
of  a  convex  witli  a  cylindrical  glass^  and  the  acuteness  of  v'ision  was 
nearly  doubled.  Onhaary  print  could  now  be  read. — ^The  matter 
isj  jyosteriori,  evident  enough.  The  existing  astigmatism  maj  he 
lesolyed  intoazegolar  and  irregular  astigmatism,  and  ailer  ooiiectkm 
of  the  regular,  the  irregular  canses  less  distorbanoe.  I  iave  Jmmd 
that  Mt  fMmiif  easei  in  wkiek,  on  account  of  opacity  of  ike  eomea, 
irideduiii^yOr  iriddesis  is  performed ,  great  adrant<jge  may  he  obtmned 
by  a  cylindrical  glusa.    Let  it  be  tried  ouly^  whether  a  cy  liudhcal 

glass  of,  for  example^  ^  e,  turned  round  before  the  eye,  will  not 

produce  alternately  increased  and  diminished  acuteness  of  vision; 
and  when  the  required  direction  is  thus  ascertained^  it  remains  only 
to  find  out  in  these  cases,  to  what  strength  of  cylindrical  i^aaaes  the 
preference  ia  given.  By  the  more  indirect  methods  above  described, 
this  object  is,  m  general,  less  easQy  attained.  Jftar  (Ae  exiraeikm 
of  cataract,  too,  the  cornea  often  acquires  a  form,  whick  ffives  great 
value  to  the  cotnbi  nation  with  a  cyl  mil  neat  glass. 

Cylindrical  glasses  are  also  often  very  useful  in  acquired  modifica- 
tions in  the  form  of  the  cornea,  without  the  necessity  of  performing 
any  operation  upon  the  iris. 

Cask  vii. — M.  Kr.,  a  pirl  aged  14,  has,  some  years  ago,  lost  the  left  eye, 
in  conseciuenoe  of  perforating  ulcers  of  the  cornea,  with  subsequent  atrophy. 
Oa  the  lower  and  inner  part  of  the  right  eye,  too,  remains  a  cicatrix  £rom 
d«fttraotion  of  tusna  and  prolapse  of  tho  iris.  The  pupil  is  thereby  drawn 
downwards  and  inwardsy  but  it  if  otherwiie  unaltered,  and  only  httla 
diiFaaed  light  enters  the  eye.  NevertheleMi  the  aouteness  of  viiioa  leavei 
mneh  to  be  desired,  and  !■  loaroely  improved  by  the  total  onttuig  oif  of  the 
diffhsed  light.  Moreover,  there  exists  a  tolerably  great  degree  of  myopia, 
with  whioh,  therefore,  amblyopia  seems  to  be  eombined.  Sapposiog  that  the 
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form  of  the  cornea  might  be  the  oaose  of  the  diminished  aouteness  of  Tisioii, 
I  made  an  examination,  and  fonnd^  in  faot,  fliat  a  point  of  light  was  seen 
with  —  I  as  an  obliqaely  yertioal,  with  —  4,  removed  lomewbat  farther  from 
the  eye,  as  an  obliquely  horiaontal  line.  By  the  use  of  the  alit,  held  in 
one  of  tlie  two  difeetiona,  the  aentenesa  of  vision  was  Tsry  oonsiderahly  im- 
proved. With  j|  e  minute  work  oonld  now  be  performed  close  to  the  eye, 
whioh  withont  oylindrieai  g\amM  waa  altogether  impoasihle. 

I  shall  commnnicate,  somewhat  more  in  detail^  a  case  which  is 
ceitaiiily  an  extremely  rare  one. 

Ca8B  Yliti—'Ae^mr§d  regular  astigmatism  of  the  cornea. — J.  F.,  briga- 
dier in  the  army,  aged  31,  complains  that  for  the  last  two  years  his  sight 
haa  become  worse  and  worse.  Perfect  acuteness  of  vision  he  never  had.  The 
oometB  exhibit,  particularly  on  focal  illumination,  a  slight  general  opacity, 
stated  to  have  remained  as  the  result  of  purulent  inflammation  which  set  in 
three  days  alter  birth.  In  the  right  eye,  moreover,  the  boundary  between 
the  cornea  and  tlie  sclerotic  is,  in  consequence  of  peripheral  spots,  not  to 
be  determined  ;  in  the  centre  of  the  anterior  surface  of  the  lens  there  is  also 
a  small,  sharply-detined,  not  elevated  white  speck.  Neither  had  formerly 
prevented  his  entering  the  service.  Now,  however,  the  aouteness  of  vision 
had  fallen  in  the  right  eye  to  Voi  in  the  left  to  |,  and  the  patient  was  no 
longer  in  a  condition  properly  to  disohaige  hie  dntiea. 

The  existing  opacity  of  the  cornea  did  not  fully  explain  the  diftnrbance 
of  vision.  Moreover,  without  any  freoh  inflammatory  attack,  the  power  of 
vision  had  become  more  and  more  disturbed.  It  appeared  to  me  that  the 
curvature  of  the  comes  waa  abnormal,— >a  supposition  which  was  fully  con- 
firmed by  ophthalmometrio  investigation.  Ihe  results  of  the  latter  were  as 
IbUow: — 

In  n.  In  v. 

Itight  eye,  pn'  —  9  61  pi'  =  9*69 

po  =   8-72  p*"  =  713 

pf  =   7-77  ps'  =  7-38 

Z0ege,  pn*  =:  10-97  pt'  =  7-59 

p«  =  8-40  p*'  =  7-25 

ptr       8-^6  ps'  s=  717 

Evidently  the  radiua  of  curvature  is  muoh  longer  in  the  hotifontal  plane 
thsa  in  the  vertical.  Therefore,  although  in  the  form  of  the  curvature  much 
irregolarity  was  observable^  and  the  experiment  with  the  point  of  light 
sfibrded  no  result,  improvement  was  in  this  instance  to  be  expected  from 
cylindrical  glasses :  and  iu  fact  with  a  glass  of  I  c,  the  only  one  which  1  had 
at  the  time  at  my  disposal,  the  acutcness  of  vision  was  raised  to  i-  With  a 
more  extensive  choice  of  glasses  still  further  improvement  would  doubtless 
have  been  obtained. 

I  regret  that  an  opportunity  did  not  later  present  itbelX  of  examining  the 
patient  more  particularly  by  different  methods. 
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Setmarkt» — ^Tha  oanaeof  the  mbnormal  eaxratare  of  the  eoraea  erirtnign 
thk  mm  wm  not  Toy  6imAj  uoeitaiiied.  Wa  nay,  howerert  vitk  tofe- 
fible  piolMihOity  •anuiMi  that  the  ophthalmia  Deonatontm  had  left  baini 

it  some  chan^  of  form,  and  that  thi8,*oombiiMd  with  mieqiial  renstaacr. 
whether  in  consequence  of  modified  intra-ocular  preamre,  or  nnder  the  in&^ 
enee  of  attendant,  almost  imperceptible,  chants  of  nutrition,  had  irradoaliT 
increased.  Manifestly  the  curvature  was  very  irregular.  In  both  eyes  t*- 
curvature  was  particularly  -rroat  in  the  horizontal  plane  towards  the  temj'orx 
side,  and  in  tlie  vertical  plane  at  the  upper  portion,  in  part  it  was  still  greater 
at  20*>  from  the  visual  line  than  in  the  line  of  vision  itself.  althou.;h  tit 
latter,  as  direct  determination  showed,  deviated  in  the  horizontal  plitiic  oalj 
from  the  centre.  But,  notwithstanding  this  irregularity,  the  great  dl^- 
onee  of  oomtm  for  the  Toitiod  and  horiiontiJ  meridian  waa  iMMt  a 
and  therefbre  aleo  moeh  adrantage  was  to  be  expected  ttom  ejlindrioal  gliMw 

In  eonnexion  with  this  rahieot,  it  it  ranarktble  that  the  oomca,  if  it 
origimdlj  ponened  an  ayeraga  onrratiue,  had  both  in  the  horisontal  me- 
ridian acquired  a  longer,  and.  in  the  Tertioal  a  shorter  radius. 

I  have  said  that  the  oaae  is  rare.  Uaoally,  in  fact,  in  ae^fdnd  ahrna- 
tions  of  form  of  the  cornea,  whether  on  account  of  oonioal  ourratare,  or  of 
absolute  irregularity  or  ineqtiality  of  the  surface,  examination  with  the 
ophthalmometer  is  unattended  with  any  satisfactory  result,  and  it  can  only 
empirically  be  determined,  whether  oylindrioal  glasses  are  of  any  use  or 
not. 

B.  Acquired  regular  oHignuUitm,  teated  in  tie  lent. — Eitber  the 
acquired  or  the  congenital  displacement  of  the  lens  (of  whidi  I  have 

spoken  at  p.  531)  may  be  the  cause  of  regular  astigmatism.  Often  the 
lens  is  thereby  so  much  dispiaccil,  tli.it  it  no  lontrer  correspond*  to 
the  entire  plane  of  the  ])Ui)il,  witli  which  a  high  degree  of  irregular 
astigmatism  is  tlien  combined.  But  if  the  lens  assumes  an  ohhque 
direction  in  the  plane  of  the  pu])i1,  regular  astigmatism  must  be  the 
consequenoe,  and  the  use  of  cylindrical'  glasses  will  tben  produoe 
improvement.   A  not  unimportant  example  of  this  is  afforded  bj— 

Cass  ix. — J.  8.,  sged  42  wu,  four  yean  ago^  niooeatfiilly  operated  on  for 

oataract  in  the  left  eye.  Rather  more  than  a  year  later,  he  reoeiTod  ahbvm 
the  right  eye  from  a  bent  braneh.  Up  to  this  time  he  had  had  acute  vision  at 
a  distance  with  this  eye.  Now  evarythin^  appeared  to  him  misty.  On  ex- 
amination, I  found  iridodenosis  in  a  hi^'h  dcj^ree,  quivering  movements  of 
the  lens  (established  on  every  strong  movement,  both  in  the  reflected  \m^s^ 
and  in  the  lens  itself,  by  lateral  focal  illumination),  and,  moreover,  a  slight 
de{4;ree  of  myojiia.  When  a  glass  of  —  j'g  was  held  before  the  eye,  the  pa- 
tient declared  that  he  saw  as  well  as  former)  v.  I  could  not  satisfv  mvself  as  to 
the  existence  of  an  obli(^ue  position  of  the  leus.  1  therefore  regarded  hii 
oondition  ss  myopia,  in  eonaeqnenoa  of  laoeration  of  the  zonula  Zionii, 
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and  saw  in  the  myopia  a  reason  for  Ilelniholt/'s  explanation  of  the  me- 
chanism of  accommodation.  To  the  quivering  movements  of  the  lens  a 
quivering  of  the  oV)jects,  after  eacli  htrong  movement  of  the  eye,  corresponded. 
"X'hese  quite  agreed  with  those  which  occurred  ou  little  shaking  movements 
of  the  neutralising  positive  gla^  before  his  iensless  eye,  and  were  thus  ex* 
plained. 

A  few  months  ago  the  paftiiiit  appUod  tome  again.  The aoateness  of  vision 
in  the  light  eye  was  then  diminiihed.  Even  with  the  aid  of  hit  speetaoles, 
he  oonld  no  longer  see  aentely  at  a  dittanee.  I  supposed  that  the  tome- 
what  luxated  lens  was  passing  into  a  state  of  opaeity.  This  was  found  not 
to  he  the  oase :  the  lens  had  eontinned  quite  transparent  But  I  had  at  onoe 
perceived  that,  sinoe  the  first  examination,  the  pupil  had  deviated  to  the 
nasal  bide,  so  that  on  this  side  only  a  slender  margin  of  iris  remained. 
This  slender  mar^'in  lies  deeper  than  the  outer  margin,  and  has  a  convex 
curve  forwards:  the  pupillary  margin  is  directed  backwards;  thence  the 
curve  is  formed,  and  the  marginal  portion  deviates  again  in  such  a  manner 
backwards,  that  it  is  most  probably  somewhat  prolapsed  through  the  lace- 
rated zonula. 

To  this  relation  of  the  iris  an  oblique  position  of  the  lens  corresponds.  On 
the  temporal  side,  the  latter  is  almost  in  contact  with  the  iris ;  ou  the  nasal 
side  it  must  therefore  lie  much  deeper.  After  instillation  of  sulphate  of 
•tropia  a  considerable  dilatation  of  the  pupil  ooenrs  upwards,  downwards, 
aad  to  the  temporal  side,  so  that  the  lens  comes  to  lie  more  in  the  centre. 
Looking  in  an  oblique  direction  into  the  eye,  we  can,  however,  nowhere  sue- 
oeed  in  semng  the  equator  of  the  lens.  The  oentie  of  tiie  vortioes  also  appears 
to  correspond  nearly  to  the  centre  of  the  cornea. 

With  the  oblique  position  therefore  there  is  no,  or  only  slight,  lateral 
displacement  of  the  lens. 

The  acuteness  of  vision  is  only  about  =  ^.  This  diminution  is  ascribed  to 
the  oblique  position  of  the  lens,  and  conscqueutly  to  asiigniatism.  Nume- 
rous experiments  were  performed,  which  also  esiubiishcd  tliis  point.  1  shall 
mention  only  some  of  them.  With  —  the  patient  sees,  at  a  distance,  ver- 
tical, with  —  j'ij  horizontal  lints  most  accurately.  Even  with  —  the 
horizontal  lines  are  tolerably  well  defined,  but  the  vertical  exhibit  a 
shadow,  which  nearly  disappears  when  the  nasal  portion  of  the  pupil  is 
covered. — ^The  point  of  light  under  no  eireumstanoes  appears  as  a  line  of 
light,  but  is,  on  the  contrary,  always  double.  With  —  ^  each  of  the  double 
images  is  smallsst  With  —  ^  they  lie  above  one  another,  with  ^  ^  close 
to  one  another. 

The  astigmatism  is,  on  account  of  these  experiments,  estimatsd  at  ^  — 

RemarlcM, — In  the  observation  of  this  case  no  oylindrioal  glasses  availed 
me.  It  may,  however,  be  inferred,  that  with  a  spherico -cylindrical 
glass  of  —  «  3  —  30  c  (the  axis  of  the  cylinder  having  a  vertical  direc- 
tion) U  in  all  meridians  should  be  about  =  x  .  Such  a  glass  mi;;;}it  he 
useful  as  a  spyglass.  For  near  objects  it  would  not  answer,  because  the 
range  uf  accommodation,  which  at  the  time  of  the  lormer  examination  was 
still  tolerably  considerable,  was  now  reduced  almost  to  nothing.  For  reading. 
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U  must  therefore  be  hroiipht  to  about  12':  this  would  be  fcfiect«d  bj 
placing  ^c,  with  the  axis  directed  horizontally,  before  the  eye. 

The  cause  of  the  a8tif,'ijiatism  in  this  instance  lay  clearly  excluaiTdy  m 
the  lens,  the  meaaureuienta  of  the  oornea  evea  reyealing  an  unnnal  Mymr 
metrj. 


lull. 

IllT. 

»  8-64 

»8*d0 

»7-lH 

=  7-74 

=  7*74 

=  7-74 

p»'  =  7.76 

=  8*00 

Tho  Tiaoal  Unft  d«vkted  5*  lawaids  ihm  ths  apex  of  the  oovn^ 

It  ii  nmarkable^  that  the  Mtignuitini  dependent  on  an  obUgiie  pon&Ma 
of  the  lem  gave  rise  to  diplopia,  whieih  in  ordinaiy  maem  dependatg  ea  , 
aaymmetij  of  the  oomea,  ii  not  lo  ezpraMly  indieated.   The  diph^U  ap-  I 
peered  meet  dletinotly  in  looking  at  a  point  of  light   We  have  to  eupptse  J 
that  the  6(etx)r8  of  the  lens  formed  four  images  clearly  diBtinguishsble,  ? 
which,  in  looking  with  the  naked  eye,  had  already  decusaatecL.    With  —  1 
they  were  situated  oyer  one  another,  with  —  ^'j  those  adjoining  one  aDother  | 
were  brought  to  a  focus.    In  the  first  case  the  acuteness  of  visioz?  was  im-  ^ 
proved,  wlien  the  inner  or  outer  half,  in  the  latter  when  the  superior  or  . 
inferior  half  of  the  pupil  was  covered.  I 
In  former  years  it  often  occurred  to  me  to  observe,  particularly  in  myopes,  ' 
tJiat  of  a  poiut  of  light  two  or  three  images  were  seen,  which  with  too  weak 
and  with  too  strong  glasses,  stood  in  opi>osite  directions  in  one  line.  In  thmt 
caiee  no  other  atripei  were  aoutely  seen,  than  thoee  ooReapoading  to  one 
of  the  two  direotiona.  Evidently,  aa  agieee  alto  with  the  above  ohaervar 
tions,  the  manifold  imagee  mnst  eorer  one  another  in  the  atfipe>  If  the 
latter  is  to  be  aoately  eeen.  Whether  in  theie  eaaea  the  aetigmatisa 
depended  on  a  oongenital  oblique  poiition  of  the  lenai  I  did  not  «t  the  tine 
inYeetigate.  I  hope  to  find  opportunity  to  do  so. 

On  many  remarkable  points,  peculiar  to  this  case,  I  will  not  dilate.  Only 
with  respect  to  the  myopia  I  would  observe,  that  this  seems  to  have  aris^-n 
aH  the  result  of  laceration  of  the  zonula  Zinnii,  notwithstanding  that  the 
falling  backward,  as  such,  of  the  crystalline  lens,  must  have  piven  rise  to 
the  opposite,  that  is  to  hypermctropia.    On  the  first  examination,  when  ua 
oblique  position  of  the  crystalline  lens  had  as  yet  occurred,  I  had  not  beea  ' 
able  to  discover  any  atrophy  of  the  ohorioidea ;  and  the  patient  stated  that 
with  the  aid  of  a  weakly  negative  glass,  just  aa  beforoi  he  eonld  again  M  * 
quite  aoately  at  a  dittance.  Now,  howererf  a  nairow  atrophio  menianii 
had  beoome  Tiaible  at  the  ontaide  of  the  optio  diao,  whioh  in  any  eaie  Ir  ' 
atrongly  in  Uyoux  of  the  view,  that  a  slight  degree  of  myo|na  had  originally 
beenpieient. 
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KOTB. 

HiSIO&Y  OV  0U&  OF  KeGULAJI  AsXlOMAXifiM. 

In  Mackenzie's  jiutly-oelebrated  book  (AFftuHioAl  Tiettiae on  the  DiieaMt 

of  the  Eye.  London,  1854),  and  still  more  completely  in  the  excellent 
Frt  neh  edition  by  Warlomont  and  Testelin  (Traite  pratique  dee  Maladiee 

de  1  ceil,  par  Mackenzie.  Paris,  1856),  we  really  find  almost  everything 
comprised,  wliieli  science,  up  to  the  dates  of  the  publication  of  tliose  works, 
possessed  u{>oii  the  subject  under  consideruti(»n.  From  them  1  have  for 
the  most  part  become  acquaiuted  with  its  literature,  and  whenever  1  had 
no  opporttjnity  of  consulting  in  the  ori^'inal  the  works  mentioned  in  them, 
my  Irund  Mr.  llulke,  of  London,  with  great  readiness  and  in  the  most 
obliging  manner,  consulted  them  for  me,  and  sent  me  accurate  extracU> 
from  them. 

It  ia  lemarkable  that  we  find  the  aubjeet  treated  of  almott  exefaifiyely 
in  Sngllah  literatnie.  In  the  first  plaoe  we  meet  with  two  men,  of  whom 
England  may  well  boaat:  Thomaa  Young,  who  diaeoTered  normal  aatig^ 
matiam,  and  the  Royal  Aatronomer  Airy,  who  first  reoognlaed  and  described 

the  a^f  mmetry  of  his  own  eye  as  a  defect. 

Respecting  Young*s  observation,  I  have  above  (compare  p.  456),  already 
stat^'d  what  is  necessary,  in  connexi(m  with  other  investigations  relating  to 
the  subject  of  normal  asti^;niatihm. 

Airy's  case  (Transactions  of  the  Cambridge  Philosophical  Society,  1827, 
vol.  ii.  p.  267),  on  the  contrary,  described  in  a  manner  worthy  of  the 
great  master,  must  here  occupy  us  more  fully.  It  relates  to  a  high  degree 
of  compound  myopic  astigmatism.  Thus,  according  to  his  method,  Airy 
oonld  determine  the  farthest  point  of  distinet  vision  in  the  two  principal 
meridiaovi  and  at  the  aame  time  the  direction  of  the  latter:  in  the  Tertleal 
(with  an  inclination  of  35«)  R  waa  s  3*5',  in  the  horiiontal,  Rs e*. 
Hence  he  calcolated  the  glaaa  required  for  correction,  and  also  stated  the 
reasons,  why  a  negative  apherico-cylindrical  glass  is  to  be  preferred  to  a 
negative  bi-4^1indrical  one. 

Many  years  later  he  again  described  his  state  (Id.,  1849,  vol.  viii. 
p.  361).  At  this  time,  the  farthest  point  lay  in  the  vertical  meridian 
at  4*7",  in  the  horizontal  at  8-9".  His  myopia  had  therefore  decreased  in 
both  meridians,  and  at  the  same  time  the  astigmatism  appeared  to  have 

uidergone  aome  diminntlon,—- from  l   to  ~.   Bat  Airy  himaelf  anpposes, 

that  the  farthest  point  in  the  vertical  meridian  might  lie  somewhat  nearer 
thau  4*7",  and  he  is  inclined  to  infer  that  his  astigmatism  had  oontinued 
uisltered.  With  a  man  like  Airy  we  may  assume,  that  he  observed  for  his 
fiffthest  point  with  nnalterd  accommodation ;  otherwise  we  should  venture 
ths  supposition  that,  in  his  earliest  observations,  in  consequence  of  accom- 
modation on  the  approach  of  the  point  of  light,  the  myopia  in  the  vertical 
meridian  had  turned  out  too  great,  whereby  the  recession  of  the  farthest 
point  with  the  increase  of  years  (which  certainly  with  the  existing  degree 
ef  myopia  is  extremely  rare),  should  only  apparently  have  taken  place. 
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Airy  s  observation  setms  at  first  to  have  attracted  attention  only  at  Cani- 
bridj^e:  to  Stokes  {  7 he  R,port  of  tlu-  lirifi.sh  A.ss<>r{(i({on   f(*r-  fht  Aiivanct- 
ment  of  Sn'rnre  for  1849,  p.  10),  namely,  we  are  indebted  for  the  astigmatie 
lens  for  determining  the  degree  of  astigmatism,  and  Dr.  Goode  (JlfiMtt^ 
Journal  of  Medical  Scienee^  Edinb.  1848,  p.  711,— and  TrammaeiiamM  ^ 
Cbm&.  FhUkmpK  SoeUiif,  toL  iliL  p.  493),  who  ttudied  mt  GMnbri4r> 
first  oomnnmiMtod  some  ftosh  cases  of  this  enomsly.  Just  J5km  Airf^  ht 
had  astigmatism  in  one  of  his  eyes,  to  whidi  his  attention  wmn  direeCed  bj 
the  observations  of  the  Astronomer  Royal  on  the  subject.  Krom  the  oompli- 
eated  changes  of  form,  which,  according  to  hia  accurate  deseription,  a  point 
of  light  underwent  at  different  distances  from  bis  eye,  it  may  be  inferred  that 
the  asymmetry  was  combined  with  a  high  degree  of  irregular  as ti^ro  a  ti<%m. 
to  the  regular,  the  distances  of  distinctness  in  the  two  principal  mc  ri'iiani 
lay  about  at  (i  l.'i  and  25  Enj^lish  iridic s.    Chamblant,  the  optician  at  I'an^s, 
prepared  for  him  a  plano-cylindrical  lens,  the  c)lindrical  surface  ot  whieij 
was  fj^round  with  a  radius  of  9*  concave.    Goode  states  that,  witii  the  aid  of 
this  glass  be  saw  both  near  and  distant  objects  acutely. 

In  a  second  case  a  point  of  light  appeared  as  a  horizontal  line  at  37  oenti- 
metres  (about  14 1  English  inches),  without  at  a  greater  distance  being 
replaced  by  a  Tsrtieal  one.  Hcriiontal  stripes  were  not  seen  dietanotZ/  at 
87  cent,  or  upwards ;  vertioal  stripes  at  no  distance  whateTsr.    A  piano* 
eylindrioal  glass,  with  2}'  radius  of  the  oonveiL  cylindrical  surfiaoe,  wna  too 
strong,  with  3*  radios  it  was  too  weak.   A  bi-cylindrical  ooneaTO-oonvex 
glass,  with  intersected  axes,  the  concave  suifaoe  having  7|',  the  eoiiTez 
4i'  radius  of  cmrature,  would  probably  have  answered  the  poipoae. 

In  a  third  case  a  point  of  light  appeared  at  35  centim.  as  a  trans- 
verse line,  and  at  a  greater  distance  was  indistinct.  At  a  similar  disUtnce 
horizontal  8tri[)e9  were  acutely  seen,  and  a  little  further  otf  a  %'ertical 
8tri])e.  A  pi  a  no- eylindrioal  concave  lens  of  IC  radius  produced  a  oonaider- 
able  improvement. 

Goode  found  three  other  gentlemen  in  the  University  of  Cambridge, 
whose  astigmatism  in  one  eye  was  improved  by  a  plano-oylindrical  less  of 
12*  radius. 

These  oasee,  much  as  we  Tslue  the  communication  of  them,  show  that 
Aiiy*s  method  was  insui&denti  accurately  to  determine  the  farthest  point  in 
the  two  principal  meridians,  and  in  general  the  degree  of  astigmatism.  The 
seat,  too,  of  the  latter  was  unknown  to  Ooode.  Bven  in  the  highsst  deftiees 
of  astigmatism  he  could  not  satisfy  himself  as  to  the  asymmetry  of  the 
cornea,  and  be  was  therefore  inclined  to  seek  the  cause  in  the  orystalline 
lens. 

A  case  of  abnormal  astigmatism  was  almost  at  the  same  time  communi- 
cated by  Hamilton  in  the  same  journal  {^foufhlj/  Journal,  1847,  p.  891). 
In  this  instance,  torjwr  of  the  retina  existed  as  a  complication,  as  it  appears, 
without  liiiiiUition  of  the  Held  of  vision.  As  to  the  astigmatism,  it  was 
characterised  by  distiuctness  of  horizontal,  and  indistinctness  of  vertical 
lines.  If  I  understand  the  ease  aright,  vertical  lines  w«re  aentsly  ssra 
at  a  shorter,  horisontal  lince  at  a  greater,  distancci  and  a  plano-concave 
cylindrical  lens,  plaosd  before  the  eye  with  a  vertical  position  of  the  azii, 
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prodooed  an  improTement  Dr.  Thompson  found  the  vertical  diameter  of 
the  cornea  somewhat  f^eater  than  the  lun  izontal,  and  he  thought,  moraoTer» 
that  the  hori/untal  meridian  was  somewhat  more  highly  curved. 

Further,  the  cases  are  known  which  are  appended  by  Hays  to  the  American 
edition  of  Lawrence's  work  (Lawrence  On  Diseases  of  the  Ei/e,  edited 
by  J.  llays,  rhiladrlphia,  Ihol,  p.  CG9).  The  tirst  is  that  of  a  clergyman, 
whose  description  affords  an  excellent  picture  of  sini{)le  myopic  astigmatism. 
With  the  naked  eye  he  saw  vertical,  with  a  concave  glajis  horizontal  lines 
distinetlj.  That  he  did  Bot  perceive  both  lines  equally  acutely,  escaped 
bim,  until,  by  the  nee  of  negative  glasses,  the  diatinotneas  was  inTerted. 
After  an  able  analyeia  of  hia  ease,  the  patient  came  to  the  ooneluiion,  that 
he  ahonld  need  a  ipheroidal  or  oylindrioal  glaaa  for  eorreotion,  hut  he  did 
not  yenture  to  decide  whether  it  should  be  oonvex  or  eoneaYO.  Hays*  note 
states  merely  that  M' Allister,  the  optician,  ground  for  htm  a  piano- cylUidrioal 
(positiye  or  negatiYO?)  glass,  and  thai  vision  was  remarkably  improTed 
by  it. 

"  We  liave,"  continues  Hays,  "within  the  past  year  seen  two  oases  in 
which  this  defect  of  vision  existed. 

"  The  subject  of  tlie  lirst  was  a  lady,  sixteen  years  of  age,  who  consulted 
me  in  consecjueuce  of  her  vision  being  so  defective  as  to  materially  interfere 
with  her  education.  I  accompanied  her  to  Mr.  McAllister's,  and  found  that, 
with  the  assistance  of  a  double  concave  lens  of  high  power,  she  could  read 
anlBeiently  well  with  her  left  eye ;  but  none  of  the  ordinary  glasses,  either 
eonoave  or  oonvex,  would  enable  her  to  distinguish  ordinaij-aized  letteni  with 
her  right  eye.  I  then  inititnted  some  experiments  to  aaoertain,  if  possible, 
the  cause  of  this  defeetiTO  vision,  flaving  drawn  two  bold  dark  lines  of 
equal  length,  crossing  each  other  at  their  centres,  at  right  angles,  and 
shown  them  to  the  patient,  she  was  able  to  see  them  sufficiently  well  to 
state  that  the  perpendicular  line  appeared  to  her  longer  than  the  horizontal. 
Mr.  M'AUistcr  furnished  me  with  some  mathematical  diagrams,  which, 
being  shown  to  the  patient,  she  stated  that  circles  ap^nared  to  be  ovals,  the 
circles  appearing  elonj^ated  perjxjndicularly.  Various  other  trials  were 
made,  all,  however,  tending  to  show  that  objects  seemed  to  her  to  be  elon- 
gated in  their  perpendicular,  and  shortened  in  their  transverse  diameters. 
Mr.  M'AUister,  having  fortunately  some  lenses,  plane  on  one  side,  and  with 
a  oonoave  and  oylindrioal  surface  on  the  other,  I  eoon  found  one  whioh 
eorreoted  the  distortion.  I  had  prepared  for  her  apectadea  with  a  double 
oonoave  lens  of  the  proper  number  for  her  left  eye,  with  a  plano-oonoave 
oylindrioal  lens  for  the  right  eye,  with  whioh  she  ^  read  ordinary  print 
with  either  eye,  and  still  better  when  using  both  eyes. 

*'The  second  case  occurred  in  a  gentleman,  about  fifty-fire  yean  of  age, 
who  consulted  me  for  an  inflamed  eye,  about  which  he  was  very  anxious,  as 
he  stated  it  was  his  best  eye,  the  other  having  been  always  so  defective  as 
to  be  nearly  useless.  On  examining  into  the  nature  of  this  defect,  I  found 
that  it  was  similar  to  that  in  the  preceding  case,  except  that  objects  were 
elontjatcd  in  their  horizontal  diameter." 

Besides  the  above  cases,  only  one  more  has  been  recorded,  which  was 
observed  on  the  Continent  of  Europe.   It  was  described  by  Pastor  Schuyder, 
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of  Mtmlkiirg  (Switierluid,  euitom  of  Lofiemo),  wlio  diMODBved  diis  aaoaah 
in  hisovB  penon  {Jtm,  ^OeuUtHjtie,  t  xzL  p.  222.  Bntxellos,  1849~takB 
fifom  fho  VethaiMHi^  der  SekweituriBekm  yaim^fiwaekemdett  GemO&Ad^ 
—to  whieh  I  haTO  not  an  opportunity  of  referring).  He  was  oeaniglifBii  fx 
yertieal,  farsi^tad  for  horizontal  linea.  For  correction  he  used  bi-eonrti 
cylindrical  glasses,  combined  with  bi-ooncave  spherical.  I  find  no  veeoKd  d, 
what  the  focal  distance  of  the  glasses  was.  Mr.  Schnyder  had  no  other  BMan 
of  disoovorin^  the  defect  than  the  fact  that  horizontal  and  vertical  wires  wm 
nut  aicurutely  dibtinguished  at  the  same  distance.  In  order  to  determior 
what  ^'lasses  were  required,  he  soeins  to  have  tried  which  he  needed,  in  order 
to  see  acutely  horizontal  and  vertical  wires,  placed  at  the  same  dista-nce. 

I  might  here  close  the  history  of  our  knowledge  of  astigmatism.  At  lea*! 
no  other  facts  have  come  under  my  cognizance.  It,  however,  occiLni  to  mc 
that  something  further  should  be  stated  as  to  what  has  been  assumed  or  soi* 
peoted  by  diflforent  writers  reapeetiog  the  seat  of  the  aaomalj. 

Aa  might  be  expeoted  from  Airj^ — ^in  the  abaenoe  of  satiafiuitofy  nMieoni, 
he  has  wisely  refrained  froni  azpresriog  any  opinion  as  to  the  seat  of  the 
aaymmetry.  He  appears  also  to  have  used  no  dibrt,  to  attain  to  oerlain^ 
respecting  this  point.  Goode,  on  the  contrary  states,  that  in  a  case  of  highly* 
developed  astigmatism,  he  in  vain  endeavoured  to  satisfy  himself,  from  the 
form  of  a  retlected  image,  of  the  existence  of  peculiar  asymmetry  of  the 
cornea,  and  he  jtistly  adds  that  ho  was  therefore  inoUned  to  look  for  the 
seat  of  the  defi  ct  in  the  crystalline  lens. 

Ill  the  case  described  by  Hamilton,  Dr.  Thompson  examined  the  cornea, 
whose  vertical  measurement  he  found  somewhat  greater  than  the  horizontal, 
*•  being  shaped  suuu-what  irregularly,  and  the  diameter  projecting  slightly 
upwards  and  inwards."  nauiiltx>a  adds,  "  Dr.  Thompson  thought  he  per- 
ceived a  somewhat  more  marked  oorvatnre  of  the  oomea  in  the  transvexse 
diameter.*'  Aeoording  to  what  method  the  mreminatiom  waa  nade^  is  not 
stoted.  TUb  reaolt,  howoTor,  renden  it  probable  that  the  oomea  wss  eon- 
oemed  in  the  asymmetry. 

Wharton  Jones  (Manual  of  Ophthalmic  Medicine  and  Surgery.  2nd  Edi- 
tion, London,  1855,  p.  352),  and  Wilde  (Dublin  Journal  ef  Medieal  Sciesei^ 
1st  Series,  vol.  xxviii  p.  105)  go  still  further.  Without  more  acounite inT8s> 
tijation,  they  assume,  that  the  foiindation  of  astigmatism  is  really  to  be  sought 
in  the  cornea.  Both  put  it  promiiierilly  forward  as  an  established  fact,  that  the 
cornea,  in  its  vertical  meridian,  has  a  shorter  radius  of  curvature  than  in  the 
horizontal,  and  they  explain  Airy's  case  (they  themselves  observed  nocases)by 
a  peculiar  development  of  that  dittereuce.    What  W.  Jones  (Cyclopaniia  of 
Practical  Surgery,  Art.  Cornea,  p.  832)  describes  as  "a  case  of  cylindrical  de- 
lormution  of  the  cornea,  produced  by  injury,"  does  not  apply  here.  Whenfle 
they  derive  the  proof  of  the  faet  pnt  forward  by  them,  is  a  puzsle  to  me.  So 
far  aa  I  know,  prenonsly  to  the  date  of  the  oommunieationa  of  Joms  and 
Wilde,  the  radios  of  onrvatare  of  only  one  oomea  was  determined  inti»  nr> 
tieal  and  in  the  horisontal  meridian, — vis.,  by  SeniF  (oonf.  Volkmsiui,  Art. 
Sehen,  p.  271,  in  Wagner*s  Handttortcrhueh  der  P^fMogie,  1846).  Is  this 
instance  the  radios  waa  found  scarcely  shorter  in  the  vertical  meridian.  Hov 
little  importanoe,  moreover,  was  to  be  attached  to  one  obeerratieii,  apfMii 
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Irom  tlM  iBTettigatioii  of  Knapp,  who  found  in  tho  majority  of  hit  measnra-' 
monte  the  radios  longer  in  the  Tertieal  meridian.  It  waa,  therafoie,  not  nntil 
after  the  nnmenms  meaanrementa  made  by  na,  that  we  Tentnred  to  assert,  that 
the  horizontal  meridian  usually  haa  the  longeat  tadiua.-»A  little  work,  how- 
ever, which  I  foynd  quoted  in  more  than  one  place,  I  have  been  unable  to 
consult:  I  mean  Gerson  (Z>e forma  cornea^  Gottingen,  1810).  ^lackcnxie 
(/.  c.  p.  926)  burrowed  from  it  the  fact,  that  Fischer  could  not  at  the  same 
time  distinctly  sec  horizontal  and  vertical  lines.    Here,  therefore,  asti^^ma- 
tiam  is  in  qm  stion.    This  circumstance,  taken  in  connexion  with  the  title  of 
the  work,  loads  us  to  buppose,  that  Gerson  sought  tlie  seat  of  the  defect  in  the 
cornea.    Mi^ht  we  perhaps  tind  in  it  reasons  tor  the  assertion  of  Wharton 
Jones  and  Wilde  ?    It  seems  to  me  that  it  is  not  to  be  supposed  that  the 
f«m  of  the  oomea  waa  aatia&otorily  determined  hy  Qenoo^— ond  itill  lees, 
that  snbseqnent  writers  would  not  hftve  mentioned  it.  Wharton  Jones  gave 
his  explanation  only  aa  a  supposition.  Wilde,  on  the  oontraiy,  says  ex« 
presaly,   It  ia  well  known  that  the  eomea  is  not  a  oorreot  snrfaee  of  rero- 
latioTi,  hut  that  the  curvature  of  its  horisontal  plane  is  less  than  that  of  its 
TertieaL  When  this  exceeds  the  normal  extent,  it  gives  rise  to  irregular 
refiraotion,  causing  a  circle  to  appear  an  oval,"  &o.,  &o.   Wilde  was  so  con- 
vinced  of  the  correctness  of  this  opinion,  that  he  did  not  hesitate  to  replace 
the  name  of  cylindrical  eye,  chosen  by  Wharton  Jones,  by  that  of  '  cylin- 
drical cornea.' 

That,  with  some  exceptions,  Wharton  Jones  and  Wilde  approached  the 
truth,  has  appeared  from  our  investigation.  But  do  they  deserve  credit  lor 
this  ?  In  my  opinion,  Young's  observation  on  his  own  eye  should  rather  have 
led  them  to  look  for  the  seat  of  the  defect  in  the  crystalline  lens,  and  so  long 
aa  the  asymmetry  of  the  oomea  was  not  aatisfaotorily  aaoertained  by 
measnrement,  it  appeared  more  philosophical  to  keep  to  tiiat  view.  Their 
assertion  waa  therefore  a  very  hold  one.  We  see  that  in  soienoe  also  the 
quotation  ia  sometimes  applioable,  that  *'  amdaeeBjbrttmaJuvoL'* 


§  40.  Ieeeoulae  Astigmatism. 

Irregular  astigmatism  may,  as  well  as  the  regular,  be  divided  into 
normal  and  abnormaL  The  normal  form  is  connected  with  the 
stracture  of  the  lens ;  the  cornea  does  not  partici])ate  in  producing 
it.  The  abnonnai  degrees,  on  the  contraij,  which  considerably 
disturb  the  power  of  vision,  may  depend  upon  irregolarities  of  the 
cornea  as  well  as  upon  those  of  the  lens. 

We  commence  with  nomtal  irregular  astigmulim.  The  principal 
phenomenon  attending  this  irregularity  is  known  under  the  name  of 
polyopiu  tnnnocHliirh.  AVith  some  attention  any  one  can  observe 
this  polyopia  in  himself.  Eyes  in  whieh,  the  lens  being  present, 
it  should  be  entirely  wanting,  are  undoubtedly  rare  exceptions.  The 
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following  experiments  wifl  be  saffident  to  tutidj  ns  of  its  eiiMMmet 
sod  of  its  importance. 

1  .  I/f-t  li  Mii.iJ  ^.  w'  /-  >i)<>t,  on  a  f/rey  or  ttf^ifr  tnround  (as  .),  be 
irraduallv  brouL'lit  nearer  to  tlic  eve  than  the  distance  of  du<tmtl 
vision  :  most  people  will  then  ob>erve  that  the  black  spot  pa55e>  into 
a  circle  of  greyiah  spots,  which,  when  the  spot  is  removed  from  the 
eye,  again  approach  one  another^  aod^  at  the  distance  of  di5tinct 
vision,  coalesce  to  fonn  a  black  spot  It  is  desirable  in  this  and  in 
the  following  experiment  to  keep  oor  eje,  without  altentioii,  ac- 
commodated for  the  farthest  poin^  in  order  that  the  roagnitiide  of 
the  pupil  may  continne  the  same ;  we  must  tberefine,  if  not  mjopic, 
arm  the  eye  with  a  positive  glass,  say  of  i  —  yg,  in  order  thus,  while  the 
eye  continues  relaxed,  to  be  able  to  bring  the  point  to  either  side  of 
the  distance  of  distinct  vision.  If  we  subsequenlly  carry  the  spot 
be/oml  the  distance  of  distinct  vision,  and  for  the  greater  correctness 
of  comparison  we  maj  for  the  greater  distance,  take  a  proportionateljr 
laiger  point  (as  several  spots  nsoally  again  appear ;  but  in  this 
cases  central  daiker  spot  remains,  around  which  the  other  paler  spots 
are  more  or  less  regularly  grouped.  This  central  spot  was  absent 
when  the  black  spot  was  nesrer  than  the  distance  of  distinct  vision : 
on  this  account  with  equal  deviation  of  accommodation  we  distinguish 
better  (the  diameter  of  the  pupil  being  assumed  to  be  unchanged), 
when  the  eje  is  accommodated  for  a  too  near,  than  for  a  too  distant, 
object. 

2^.  We  may  repeat  this  experiment  with  a  wAUc  spot  on  a  dlaci 
ground.  As  white  spots,  we  may  make  use  of  small  granules  of 
wbitelead,  got  by  scraping  an  ordinary  visiting  card,  and  spread 
upon  black  velvet.  Among  these  granules  we  find  a  great  variety 
of  sizes.  If  we  take  one  of  the  largest,  of  about  |  mm.  in  diameter, 
the  experiment  will  yield  nearly  the  same  results  as  were  obtained 
Mith  the  ])lack  spot.  It  will  then,  however,  more  distinctly  appear, 
that  each  spot  is  rndiatingly  elongated,  and  exhibits  dispersion, — 
with  the  blue  turned  towards  the  centre,  when  the  spot  is  nearer  than 
the  distance  of  distinct  vision,  with  the  red  towards  the  centre,  if  the 
point  lies  beyond  it. 

ti^.  Let  the  experiment  be  repeated  with  one  of  the  smallest 
granules.  The  vadiatingly  elongated  s|)ots  have  now  given  way  to 
slender  rays,  which,  when  the  granule  lies  nearer  than  the  distance  of 
distinctness,  do  not  run  together  in  the  middle,  and  which,  on  the 
contrary,  have  a  white  spot  in  the  centre,  when  the  object  is  beyood 
the  distance  of  distinct  vision. 
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4°.  Let  the  observer  look  at  a  little  point  of  light,  for  example, 
at  a  small  opening  turned  towards  tlie  light,  but  still  better  (in 
order  to  avoid  diffraction),  at  a  small  image  of  light  formed  by  re- 
flexion. The  phenomena  are  then  observed,  in  proportion  to  the 
magmtudfl^  precisely  as  thej  have  heen  described  under  £^  and 

Bj  these  experiments  we  have  now  learned  that  poljopia^  in 
looking  at  a  small  object,  is  the  same  phenomenon  as  that  of  the  rays, 

nnder  which  at  a  distance  a  bright  star  or  light  appears,  for  which 
the  eye  is  notacconiinodatcd.  To  each  principal  ray  corresponds  one 
of  the  marginal  spots,  under  which  the  black  dot  appears.  There- 
fore, too,  those  have  the  most  distinct  polyopia,  who  in  a  point 
of  light  perceive  a  comparatively  small  numb^  of  distinctly  sqia- 
rated  rays. 

S**.  Let  a  small  point  of  fight,  a  Utile  reflected  image  or  an 
opening  of  f  mm.  (0*00402  of  an  English  inch)  in  a  metal  plate, 
turned  towards  the  sky,  be  gradually  brought  near  the  eye.  Having 

arrived  nearer  than  the  distance  of  distinct  vision,  the  point  of  light 
divides  into  a  certain  number,  of  bright  rays,  and  evcTi,  when  it  has 
reached  the  anterior  focus,  the  circle  of  diffusion  in  the  retina  being 
as  large  as  the  pupil,  the  rays  are  still  visible :  they  are  the  lines  of 
light  of  the  well-known  entoptic  image  (compare  Fig.  103,  p.  200), 
which  occurs  in  most  eyes  nnder  this  form.  The  transition  of  the 
bri^t  rays  into  the  lines  of  light  of  the  entoptic  image  is  very  easQy 
observed.  While  the  light  in  the  entoptic  luminous  laidid,  attain- 
ing on  the  retina  the  magnitude  of  the  pupil,  has  heen  more 
uniformly  divided,  the  few  very  bright  rays,  of  which  the  image  of 
a  star  almost  exclusively  consists,  are  therein  only  faintly  re])re- 
sented  by  the  said  lines  of  light.  The  number  and  direction,  how- 
ever, remain  precisely  the  same. 

Prom  these  experiments  it  appears,  that  polyopia  uniocularis,  rays 
of  stars,  and  ranting  lines  of  light  in  the  entoptic  spectrum  are 
dependent  on  the  same  cause,  rest  upon  the  same  peeufiaritj  in  the 
structure  of  the  eye.  If,  therefore,  we  have  ascertained  the  source 
of  one  of  these  phenomena,  we  know  that  of  aD. 

Now  we  have  already,  in  treating  of  the  entoptic  phenomena,  seen 
that  the  lines  of  light  of  the  entoptic  spectrum  (compare  Fig.  103) 
are  to  be  sought  in  the  crystalline  lens :  on  moving,  in  fact,  the  eye 
behind  the  point  of  hght,  no  parallax  is  perceptible,  and  their  cause 
therefore  lies  nearly  in  the  plane  of  the  pupil,  and  conseqncnUy  in 
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the  lent.  Hence  it  Mows,  thai  both  the  rajs  encfging  from  pools  \ 
of  light  and  the  polyopia,  have  their  origin  in  the  lens,   lliis  im  matt  ! 

decisively  proved  by  the  cin  uiii>taiice,  that  all  these  phenomena  »re 
wanting  when  the  lens  is  absent  from  the  eye  (aphakia).  Moreover 
we  ean  now  further  show  that  the  cornea  ha:*  no  essential  f)art 
therein.  In  the  first  place,  in  eiamining  the  reflected  images  of 
the  oonieay  if  such  irregularities  wete  here  present,  as  are  required 
for  the  explanation  of  the  plMomena  in  qnestioD^  thej  must  have 
been  apparent.  And,  in  the  seocmd  plaM^  I  haye  cadoded  the 
action  of  the  cornea  by  plunging  my  eye  into  water  in  a  Httle  bowl, 
bounded  by  a  convex  glam  replacing  the  oomea,  and  the  phenameBa 
have  then  continued  under  the  usual  form. 

If  the  cause  be  thus  situated  in  the  lens,  the  question  suggez^is 
itself,  how  these  phenomena  are  to  be  explained  by  it.    In  the  first 
place  we  observe^  that  the  form  of  the  rays,  nudcr  similar  circum- 
stances perfectly  constant  for  each  eye,  immediately  reminds  us  of 
the  peculiar  structore  of  the  lens,  namely  of  the  ladiaring  figure 
from  which  its  filnes  proceed.   Those  of  the  anterior  sor&oe  we  can. 
obsenre  in  any  one  in  the  living  eye,  by  ktend  local  iUnminatioii 
(Helmholts),  especially  by  employing  a  lens,  and  better  stitt  widi  the 
aid  of  the  phacoidoscope  (eompare  j).  16).    The  lines  of  the  posterior 
surface  differ  in  form  and  in  direction.    Meanwhile  the  crvstaHine 
lens  is  by  those  Hues  divided  into  irregular  sectors.    Now  the 
explanation  of  the  polyopia  is  this,  that  each  sector  forms  a  sepa- 
rate image.    The  proof  of  this  I  have  given  twelve  years  ago,  hy 
moving  a  rather  small  opening  (abont  i  mm.,  or  0*01968  of  an  En- 
glish inch,  in  dismeter)  before  the  papil,  while  the  multiple  image  of 
a  point  of  light  falls  upon  the  retina.  We  thus  see  a  simple  iau^ 
when  the  opening  c(»fesponds  to  a  given  sector,  and  whenby  dufting 
the  opening  we  come  to  the  boundary  between  two  sectors,  two  faint  ^ 
images  ap])eiu',  of  which,  on  further  displacement,  that  first  seen  dis- 
ap[)ears,  while  the  one  whieh  has  supervened  remains  alone  audbrighter.  | 
On  more  nipidly  moving  the  opening  it  appears  as  if  the  little  image 
of  light  jumps,  which  really  happens  in  the  transition  from  oneaedor 
to  another. — In  proportion  as  we  accommodate  with  more  precisioQ, 
the  multiple  images  approach  one  another^  and  finally  coaLesoe  iato 
one  image.  However,  even  with  the  most  perfect  accommodation,  they 
do  not  exactly  cover  eadi  other.   In  the  first  place,  regular  asdg- 
roatism,  and  in  so  far  the  cornea  also,  here  plays  a  part.   This  legolir  ^ 
astigmatism  manifests  itself  precisely  by  the  fact,  that  the  iiuages 
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plaoed  opposite  to  each  other  more  speedily  reach  eadi  other  in  one 
direction  than  in  the  opposite.  The  result  of  tins  is,  that  a  point 
of  light  always  appears  somewhat  aDgular,  and  even  a  black  spot 

iinde^oes  a  peculiar  change  of  form  on  a  slight  play  of  accommo- 
dation, without  at  the  same  time  ceasincr  to  be  black.  But  even 
Avhen  we  completely  correct  the  rcguhir  asticrmatism  by  means  of  a 
suitable  cylindrical  glass,  all  the  multiple  images  do  not  meet  pre- 
€useiy  in  one  place :  in  one  direction  or  another  a  single  one  projects 
beyond  the  rest  into  the  centre,  and  accnrate  consideration  of  a  point 
of  light  shows  that  all  have  not  even  their  focns  exactly  in  the 
flame  axis. 

In  this,  therefore,  lies,  in  the  first  place,  an  elmeni  qf  irregular 
asHgmaiim,  A  ieeond  element  we  find  in  the  image  of  each  sector  in 

itself.  It  is  very  dillicult  by  experiments  to  get  a  correct  idea  of  the 
image  of  each  sector.  The  iinj)ression  of  lii^ht  on  each  point  is,  in  fact, 
not  proportional  to  the  strength  of  the  liirht,  and  coiis<'quently  we  ob- 
tain a  different  result  with  respect  to  the  distribution  of  light,  in  pro- 
portion to  the  hrightness  of  the  light  with  which  we  experiment.  On 
repealing  the  experiments  above  stated  we  had  abundant  opportunity 
to  satisfy  ourselves  of  this.  While,  for  example,  a  bright  fixed  st«r 
(Sirins  I  have  often  taken  as  the  object),  with  slightly  hypermetropic 
arrangement  of  my  right  eye,  gives  seven  or  eight  extremely  fine 
bright  rays,  partly  ramifying  towards  the  periphery,  and  terminating 
at  a  short  distance  from  the  centre,  a  less  bright  luminous  point 
a])pcars  rather  as  a  circle  of  spots,  witli  comparatively  very  strong 
iliuminatiou  in  the  periphery,  about  agreeing  with  the  circle  of  spots 
under  which,  with  a  similar  arrangement,  we  see  a  black  spot.  The 
rulei^  however,  remains  with  each  iUnmination,  and  also  in  experi- 
menting wi&  a  spot  of  a  certain  extent,  that  each  image  is  elongated 
m  the  direction  d  the  rays  of  the  whole  cirde  of  diffusion,  so  that 
we  can  in  it  distinguish  an  outer  and  an  inner  margin,  which  last  is 
turned  towards  the  centre  of  the  circle  of  diffusion.  We  can  now 
further  satisfy  ourselves : — 

1°.  That  the  image  of  each  sector  is  astigmatic.  Through  an 
opening  of  about  0*5  mm.,  held  before  a  given  sector,  a  fixed  star, 
which  under  the  greatest  magnifying  power  remains  a  point,  forms, 
with  the  most  perfect  accommodation,  an  image  on  tlie  retina,  which, 
weie  it  accessible  to  our  investigation,  would  certainly  be  very  per- 
ceptible. The  light  of  a  lantern,  seen  at  a  great  distance  through 
a  single  sector,  is  nearly  as  great  as  if  we  had  approached  it  by  half 
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the  distance.    By  using  monochromatic  lights  the  astigmatism  of 
each  sector  rornains  unmistakeable. 

2**.  That  the  image  has  an  aberration,  agreeing  with  the  spherical 
abemtion.  In  the  circle  of  diffusion^  formed  by  a  spherical  lens 
bom  a  monochromatio  point  of  lights  the  light  is  not  Qniformij  dis- 
tributed. Before  the  foeus  of  the  nja  (as  both  oonstniction  and 
direct  experiment  readily  show)  the  iUamination  is  strongest  ai  the 
ontside,  behind  the  intersection,  in  the  centre  of  the  circle  of  diffnsion. 
Now  the  sanie  is  true  of  the  light,  refracted  by  one  of  the  sectors. 
Therefore  a  j)oint  of  light,  and  even  a  little  luminous  spot,  ^een 
through  the  whole  lens,  is  more  strongly  illuminated  in  the  centre  or 
at  the  circumference,  accordingly  as  the  eye  is  accommodated  for  a 
shorter  or  longer  distance  than  that  at  which  the  spot  is.  We  have 
already  remarked  that>  consequently!  ^  magnitude  of  the  circles  of 
diffusion  being  equals  the  acuteness  of  vision  suffeis  more  when  the 
retina  lies  behind  than  when  it  lies  in  front  of  the  focus* 

We  have  thus  indicated  iwo  eemses  of  normal  irregular  tufig- 
matUm,  namely,  the  imperfect  coincidence,  even  after  accommodation, 
of  the  images  of  the  different  sectors^  and  the  astigmatism  proper  to 
the  image  of  ei\c\i  sector  in  itself* 

In  the  image  of  each  sector  we  can>  moreover,  easily  recognise  the 
chromatic  aberration.    In  front  of  the  intersection  each  image  is  red 
at  the  onter^  and  bine  at  the  inner  maigin ;  behind  the  intersection 
the  outer  margin  appears  blne»  and  the  central  light  is  reddish.  Now, 
if  we  examine  the  multiple  images  of  a  Uun  line^  the  lateral  images 
have  also  coloured  edges^  and  only  the  central  image  is  uncoloured. 
It  is  very  instructive,  as  Helmholtz  has  done,  to  combine  a  line  with 
a  point,  placed  near  the  extremity  of  the  line.    We  now  see,  with 
imperfect  accommodation,  especially  with  adjustment  for  a  greater 
distance,  different  lines  close  to  one  another,  and  we  can  satisfy  our- 
selves that  these,  in  each  direction  of  the  line,  correspond  to  the 
multiple  images  of  the  point  of  light  to  which  they  are  directed.  It 
is  now  evident,  that  the  edges  of  the  central  line  will  be  oolondeni 
because  tiie  radiating  elongation  of  the  sector-image,  whence  it  aiiaes, 
lies  in  the  direction  of  the  line,  and  the  colours  thus  ML  over  cue 
another.   We  obtain  the  sharpest,  brightest,  and  most  achromatic 
line,  by  giN'iug  the  line  such  a  direction,  tliat  two  opposite  radiating 
sector-images  cover  one  another  on  the  line.    On  the  contrary,  the 
lateral  images  of  tlie  line  have  coloured  edges,  and  are  at  the 
same  time  fainter  and  broader:  their  section  is  equal  to  the  loogi* 
tudinal  section       tl)e  elongated  images  to  which  they  cone- 
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spond. — The  pbenomena  here  desoribed  may  also  be  observable  at 
tihe  bomidanes  of  brightly  illuminated  surfaces,  with  imperfect  ac- 
commodation, as  the  transition  from  the  bright  to  the  dark  takes 
place  through  two  or  three  degrees.    Even  with  perfect  accom- 
modation,  some  can  satisfy  themselves  by  the  fact,  that  they 
see  the  bright  muon  as  images  covering  one  another.    I  was  parti- 
colarly  struck  with  the  distinctness  and  weU«defiiied  boundary,  over 
the  wbole  aurlm  of  ihe  roiind  images  covering  one  snoiher,  of  an 
opemngy  ihioiigh  whidi  the  naoAj  homogeneous  li^ht  of  the  flame 
of  alcohol  containing  sidt  was  seen,   Bat  more  espedaUy  when  the 
acoominodation  is  not  perfect,  we  see  in  that  experiment  a  number  of 
circles,  for  the  most  ])art  covering  one  another,  and  by  covering  a 
portion  of  the  pupd  we  can  never  make  one  of  these  circles  partly 
disappear — cut  a  segment  oiF  it :  the  circle  only  grows  faint,  to  dis- 
appear suddenly  and  oompletely,  when  the  whole  sector  of  the  lens 
belonging  to  that  drde  is  entirely  covered.   It  needs  scarcely  to  be 
remarked  that,  on  covering  the  papi!,  the  fignre^  as  ^  whole,  disap- 
pears on  the  same  side,  when  the  eye  is  accommodated  for  a  nearer 
object,  bat  on  the  opposite  sid^  wlueni  on  the  oontraiy,  it  ia  aoooro- 
modated  for  a  more  remote  pomt. 

In  the  foregoing  the  cause  of  the  ])ocaliar  distribution  of  light  of 
the  circles  of  diffusion  was  found  in  the  crystalline  lens,  and  was  in 
general  terms  brought  into  connexion  with  the  radiating  figure,  from 
which  the  fibres  of  the  lens  proceed.    The  perfect  explanation  ii^ 
however,  not  thna  attained.   The  multiple  imagea  of  a  point  were 
seen  so  early  as  bj  de  la  Hire,*  Thomas  Tonngt  eiamined  the 
drcles  of  difiRoision  of  a  point  of  light  at  different  distances,  even 
delineates  them,  and  said  respecting  their  causes  "The  radiating 
lines  are  probably  occasioned  by  some  slight  inequalities  in  the  sur- 
face of  the  lens,  which  is  very  superficially  furrowed  in  the  direction 
of  its  fibres/'    Listing t  discovered  that,  in  many  persons,  in  the 
entoptic  spectrum  of  rays  of  light,  which,  proceeding  from  the  ante- 
rior focus,  run  parallel  in  the  vitreous  humour,  some  bright  lines, 
nx»tly  in  the  form  of  an  inegular  star,  occur  with  some  off*shoots, 
which  he  looks  upon  as  the  image  of  an  umbilical  bodj  with  sntore- 
like  foid  elevated  ramifications,  derived  from  the  separation,  in  the  fietal 
state;  of  this  part  of  the  capsnle  from  the  inner  surface  of  the  cornea. 

•  Mernoires  de  V academic  de  Paris,  1694,  p.  400. 

f  Philosophical  Tranaactiom  for  1801,  i.  p.  43. 

\  Beitrag  zur  phytioloffitchen  Optik.   Qottingen,  1845. 
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In  examiniDg  the  entoptic  pbenomena  I  found*  that  wmUift 

images,  lines  radiatintr  from  points  of  liijht  and  the  entoptic  star  ~ 
Listing  pass  imptTct  ptibly  into  one  another,  and  tlicrefure  have 
and  the  s;ime  origin  ;  but  rt  specting  the  proper  cause  in  the  strucnr^ 
of  the  lens  I  could  form  no  satisfactory  idea,  and  even  now  ] 
have  not  been  sufficientlj  successful  in  mj  attempts,  to  make  koor: 
their  result.  Further  mvestigation  on  this  point  appem  to  me  to  h 
neoessaiy. 

The  astigmatisni,  of  which  we  have  thus  hi  spokeoj  maj  be  eoa 
sidered  to  be  normal.   The  acateness  of  the  power  of  Tisiofn  aiiffif! 

very  little  under  it,  and  least  of  all  when  we  look  with  both  ct« 
together,  and  wlien  these  have  about  the  same  refraction.     We  neia 
find  tlic  ajstigmatism  of  botli  eves  exactly  equal.    The  images  of  tl^r 
same  point,  formed  on  the  t  wo  retinas,  therefore,  deviate  a  little 6ob 
one  another.   Both,  however,  coalesce  in  idea,  and  the  oorrectne* 
of  the  judgment  leqpeoting  the  form  of  a  point  or  of  a  very  antl 
object,  sometimes  gains  oonsideiablj  thereby.   Thus  the  acotcf 
of  vision,  apart  from  the  stereoscopic  effect^  is  greater  with  two 
than  with  one :  if  vision  takes  place  with  only  one  eye,  €bc  form  cf 
the  retinal  image  is,  at  least  in  the  vicinity  of  the  yellow  spot,  prc" 
jecteil  with  greater  fU;curacy ;  in  vision  with  two  eyes,  on  the  cut- 
trary,  the  object  is  more  correctly  estimated. 

If  the  acuteuess  of  the  power  of  vision,  iu  monochromatic  Ij^ 
suffers  Uttle  by  ordinary  astigmatism,  the  achromatism  of  the  ew, 
with  imperfect  accommodation,  may  even  gain  thereby,  as  diffierat 
coloured  images  fidl  over  one  another,  and  are  dms  partialh 
neutralised.   This  also  is  especially  the  case  in  nsing  both  eyes. 

II.  Abnormal  irregular  Mfi^moHim* — This  has  its  seat  either  ii 
the  roniea  or  in  the  lens.  As  to  the  cornea,  the  kerato-conus  or  coni  < 
cunicd  lirsi  conies  under  observation.  High  degrees  strike  the  eve  at 
once.  Slight  degrees,  on  the  contrary,  arc  often  enough  overlooked 
The  disturbance  of  the  power  of  vision  frequently  suggests  the  idea  d  ' 
amblyopia,  combined  with  myopia.  Three  cases  liave  already  occurred  ' 
to  me  which  were  long  treated  as  amblyopia.  That  in  this  instance  id 
anomaly  of  refraction,  and  indeed  astigmatism,  is  the  cause  of  die 
diminiflhed  sharpness  of  sight,  is  evident.  A  complete  theoretical  ^ 
velopment  would^  even  did  we  know  precisely  the  surface  of  curvature, 
which  is  to  be  ascertained  oidy  by  examination  with  the  ophthalmo- 
meter, be  very  diliicult.    In  high  degrees,  the  mere  inspection  of  tk 

*  2federland$ch  Lancet,  1846-1847,  B.  ii.  p.  432.  ' 
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oupvature  and  profile  at  onoe  satisfy  the  observer,  that  the  radius  of 
curvatvire  in  the  centre  of  the  cornea  is  mnch  shorter,  so  that  the  ravs 
falling  thereon  from  each  cone  of  light  must  much  sooner  unite. 
T*ispecially  in  reference  to  these  rays  the  eye  is  myopic.  There  must, 
however,  be  not  onlj  a  difference  in  focal  distance,  but  the  fod  are 
also  iioipecfeot  even  for  small  portions  of  the  refracting  surface,  and 
moreoTer,  certainlj  do  not  all  lie  in  the  same  axis.  The  high  degree  of 
aatigmatiBib  connected  with  this  state,  therefore,  needs  not  to  be 
farther  proved. — ^It  would  be  veiy  troublesome  if^  in  order  to  recog- 
nise slight  degrees,  we  should  be  obliged  to  have  recourse  to  the  oph- 
thalmometer, in  order  to  determine  the  radius  of  curvature  in  different 
parts  of  the  cornea.    Fortunately,  wc  have  a  more  practical  auxiliary. 
The  already  long-existing  disturbance  of  vision  leads  us  to  resort  to 
the  ophthalmoscope,  chiefly  with  the  idea  of  finding  the  cause  in  the 
fundus  oculi,  and  unexpectedly  we.  discover  die  anomaly  of  the 
refracting  surface.    This  has  happened  to  me  more  than  onoe. 
Sometimes  the  degree  was  still  so  slight,  that  even  affcer  the  discovery 
of  the  trae  cause,  the  observer,  on  taking  a  profile  view,  could  not 
satisfy  himself  as  to  the  state  of  things,  so  that  full  certainty  as  to 
the  existence  of  the  anomaly  was  attoinable  only  with  the  ophthal- 
mometer.   How  the  ophtliJilmoscope  exhibited  it  is  very  simple.  In 
the  inverted  image,  where  there  is  a  tolerably  wide  pupil,  we  over- 
look, at  the  same  time,  a  rather  large  portion  of  the  fundus  oculi ; 
the  image,  therefore,  of  one  part  or  other,  for  example  of  the  optic 
dis<^  remaiiis  in  the  field  of  vision  both  on  moving  the  head  of  the 
observer,  and  on  shifting  the  lens  held  before  the  observed  eye.  At 
the  same  time,  however,  the  rajs,  which,  proceeding  firom  the  optic 
disc,  strike  the  eye  of  the  observer,  pass  each  time  through  other 
part«  of  the  cornea :  now  if  its  curvature  is  irregular,  the  result  is, 
that  the  form  of  the  disc  each  time  alters,  that  it  shortens  in 
this  direction,  extemls  in  that  direction,  and,  moreover,  is  never  seen 
acutely  in  its  integrity.    In  somewhat  higher  degrees,  too,  the  side 
of  the  conical  projection  opposite  to  the  incidence  of  the  light  is 
darker, — as  if  shaded. 

That  it  is  important  to  recognise  these  slight  degrees  of  conical 
ooroea,  and  not  to  treat  them  as  amblyopia,  is  evident. 

Where  the  form  is  &vonrable  and  the  position  advantageous, 
stenopflsic  spectacles  may  produce  considerable  improvement.  If 
\        tliis  assistince  be  not  sullit  ient  (the  field  of  vision  too  small,  the 
spectacles  an  annoyance),  an  improvement  by  operation  may  be 
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attempted.    The  chief  object  of  the  opention  is  etalj  fltaled  :  we 
desire  to  place  the  pupil  befoie  that  part  of  the  oomes,  -whcm 
eamtme  ia  moat  nmfona  and  appmdiea  moak  neazi/  to  the 
aphflricaly  in  oider  that  a  ahaiper  image  maj  be  fotmed  in  the  Tisaal 
line,  and  eapedaD j  that  direct  vision  maj  be  improred.    ^  prion 
it  will  be  evident,  that  this  object  will  be  more  easily  attained 
by  a  small  pupil,  nut  only  because  the  circles  of  diffusion  are 
thus  rendered  smaller,  but  particularly  because  we  may  expect  the  less 
HiffpjynAP  in  the  radius  of  curvature,  the  smaller  the  portion  of  the 
cornea  is,  which  participates  in  the  formation  of  the  image.  Bow- 
man* has  made  the  pnpil  alit-like  by  double  inddesis.t  Yon  Graefe:^ 
confined  himaelf  to  iridectomy.   Both  obtained  fMrourable  reanlta 
with  leapect  to  the  acnteneaa  of  viakm.  Yon  Graefe  proposed  be- 
aidea  to  procure  dinnnntion  of  the  prcwure  in  the  eye,  niiich  result 
of  iridectomy  had  in  his  hands  obtained  such  brilliant  and  usefnl 
application  in  glaucoma:  he  hoped  thus  to  oppose  the  further 
development  of  the  conicity,  if  not  to  lessen  the  existing  degree  of  it. 
Bowman,  on  his  part^  has  actually  seen  diminution  of  the  conicity 
take  place  after  iriddesis.    The  results  of  the  latter  opention  upon  the 
power  of  vision  are  still  more  £ivoniabley  ao  that  at  preaent  iriddeaisy 
by  which  we  also  obtain  a  small  pupil,  aeema  to  dnerre  the  piefer- 
ence.   Theoretically^  however,  the  alit-like  pu[)il,  obtained  by  double 
iieddesis,  appears  to  me,  narrow  as  it  may  be,  not  the  most  frvour- 
able :  when  the  direction  of  the  sht  is  horizontal,  the  diffusion  for  ver- 
tical lines  will  still  be  considerable,  and  though  for  horizontal  lines  the 
eye  will  have  httle  diffusion,  it  will  be  highly  myopic.    It  certainly 
seems  better^  by  simple  iriddesis,  to  exclude  the  apex  of  the  cone. 
By  means  of  stenopsic  spectacles  (with  artificial  mydriasis)  the 
most  suitable  phioe  and  form  of  the  pnpil  can  be  diaoovend,  and 
perhaps  also  the  seat  of  most  &vonnble  corvatnie  may  be  sought 
with  the  ophthalmometer;  and  when  by  this  or  any  other  mode  we 
have  ascertained  where  and  in  what  form  the  pupil  must  act  roost 
advantageously,  the  further  task  of  operative  surgery  is,  to  apply  the 
means  so  as  to  realise  what  is  found  to  be  desirable.^ 

•  Ophthalmic  Hospital  Reports^  etc.,  No.  ix.  1859,  p.  154. 

f  Compare,  upon  this  operation,  also  Critohett»  Ophthaknic  Motfital 

Jieports,  etc..  No.  ix.  1859,  p.  145. 

X  Arrhiv  f.  OphthaimoUxjie,  B.  iv.  H.  ii.  p.  271. 

S  In  this  respect,  very  ingenious  proposals  have  been  made  by  Bowman, 
the  object  of  which  is  to  bring  the  pupil  by  means  of  a  second  iriddesis  on 
the  same  side,  proceeding  from  the  margin  of  the  pupil  obtained  by  the  first 
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To  be  classed  with  couical  cornea,  though  usually  producing  less 
disturbance,  are  partial  bulgings  or  flattcniugs  of  this  membrane, 
•vhich,  in  consequence  of  suppuration  or  of  softening,  not  unfre- 
il^uentlj  occur.  These  are  often  accompanied  with  so  much  opacity 
AS  to  render  the  dispkcement  of  the  papil  by  iriddeos  or  iridectomy 
deaiiable.  But  the  aitigmatism  is  not  tliereby  ieiiioved«  since  the 
clear  part  of  the  ooniea  lias  lost  its  regular  corvature.  Yon  Qraefe 
baa  remarked,  that  after  jiidectomy  the  fopn  of  the  ooniea*  gradoally 
improved — end  I  have  repeatedly  found  this  confirmed.  Moreover, 
it  appears,  that  in  these  cases  improvement  is  often  to  be  obtained 
by  cylindrical  glasses^  the  asymmetry  being  partly  reducible  to  regular 
astii^matism. 

To  the  very  ordinary  causes  of  altered,  and  consequently  irregular 
arching  of  the  cornea,  belongs  the  extractitm  of  cataract.  Especially 
when  prolapsus  iridis  or  threatening  prolapsus  has  existed,  whereby 
the  pupil  has  lost  its  central  poattion,  or  where,  with  forward  projec- 
tion of  the  flap,  the  woand-anr&ces  do  not  perfectly  OQrrespond,  we 
seldom  obtain  a  completely  normal  arching  of  the  cornea.   If  the 
deviation  is  slight,  the  power  of  vision  may  still  be  quite  sufficient; 
but  on  accurate  investigation  it  now  appi^ars  that  the  acutcness  is 
defective,  and  the  astigmatism  is  in  this  instance  also  ])artly  capable 
of  correction  by  giving  an  obUque  position  to  the  convex  glass,  or 
by  combination  with  a  cylindrical  one. 

A  common  cause  of  irregular  astigmatism  we  find  further  in  9poU 
om  tie  cornea.  That  alight  spots  caose  much  more  disturbance  by 
scattering  diffbsed  light  in  the  eye,  than  by  reflecting  and  catting  olF 
a  part  of  Ihe  light,  has  been  shown  many  years  ago,  and  hereopon  the 
indication  for  stenopseic  spectacles  was  subsequently  founded.  Even  in 
iny  first  communication  1  had  referred  to  the  irregular  refraction  of 
light,  connected  with  spots,  iiou  much  otiect  this  has,  the  ophthal- 
moscope afterwards  taught  me.  Through  a  rather  transparent  spot  we 
distinguish  the  fundus  ocnli  with  tolerable  accuracy;  but,  while,  in  the 
mode  described  above^  the  rays  are  brought  consecutively  through 
different  parts  of  the  spot  to  tiie  eye  of  the  observer,  he  ia  anrprised 

iriddesib,  still  nearer  to  the  edge  of  the  cornea.  He  has  also  proposed 
to  try,  by  means  of  a  glass  with  oorrespondiog  oorvature,  still  farther  to 
impcoTS  the  astigmatiaBi  for  this  place,  at  least  for  the  rtatiooary  eye. 

*  In  the  aoate  pioooas  of  ■oftening  or  suppoiatlon  it  is  a  matttr  of  vs> 
eognised  importanoe^  to  keep  the  form  of  the  ooniea  as  perfoot  as  poatiUo. 
To  attaiB  this  objeet,  repeated  experienoe  ahows  that  timely  support  by 
meani  of  a  habdago  oausing  preasnre,  oaanot  be  auAoiently  reeommoaded. 
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at  the  extramdj  imgiilar  di^iIao6iiieiit»  ahrinkiiig  lad  dutottion  of 
the  foims,  oonnoBted  with  a  peculiar  glancing, — very  chanoteriatic  Ibr 
any  one  who  has  onee  seen  it.  Spots^  whoee  existence  wpa  not  per- 
ceived on  superficial  inspection,  sometimes,  on  examination  with  the 
ophthalmoscope,  produced  in  a  remarkable  degree  the  phenomena 
just  mentioned.  Thus  by  ophthalmoscopic  investigation  we  are  letl  to 
examine  the  cornea  with  focal  illumination,  and  then  we  find,  in  a 
acarcelj  perceptible  opacity,  the  cause  oi  the  astigmatism,  and  at  the 
same  ^me  of  Ihe  diminished  acuteneaa  of  vision,  which  had  at  first 
suggested  the  presence  of  other  causes. — Under  these  oirenmstances 
the  sorfiMse  of  the  comea  is  often  not  perfectly  smooth,  aa  readily 
appears  from  the  irregular  images  of  a  flame  reflected  on  the  opaque 
part.  This  occurs  chiefly  when  superficial  ulceration  of  the  cornea 
has  existed.  But  this  inequality  is  not  necessary  to  produce  astig- 
matism, and  therefore  local  change  of  the  coefficient  of  refraction, 
with  condensation  of  the  corneal  tissue,  seems  equally  capable  of 
taking  part  in  its  production, — If  we  have  not  examined  the  astig- 
matinn  with  the  ophthalmosoopey  we  shall  often  think  we  find  a 
disproportion  between  the  d^^iee  of  opacity  and  the  disturbance  of 
the  acnteneas  of  vision^  which  must  be  explained  pardj  bj  irr^nlar 
astigmatism. 

Finally,  in  some  aoufe  affectioM  of  the  comea,  particularly  with 
transpareut  ulcers,  a  high  degree  of  irregular  astigmatism  coexists. 

So  niut  h  with  respect  to  the  cornea.  As  to  the  crystalline  lens, 
irregular  astigmatism  may  by  it  in  two  ways  attain  a  liigh  de- 
gree, namely,  by  a  change  in  the  lens  itself,  and  by  displacement 
of  tlu>  lens.  With  reference  to  the  change  of  the  lens  itself,  mj 
friend  Bowman  recently  wrote  to  me  as  foUows :  ^  I  have  often 
thought  that  some  defects  of  vision  may  depend  on  physical  alten- 
tions  of  the  lens,  sometimes  independent  of  cataract,  sometimea 
attending  the  earlier  stages  of  cataract ;  making  the  changes  of  shape 
of  the  lens  under  the  same  action  of  the  ciliary  muscle  more  or  less 
incomplete."  To  these  remarks  I  give  my  full  adhesion.  Even  in- 
dependently of  the  changeabihty  by  accommodation  irregularities  are 
developed  in  the  lens,  which  when  the  eye  is  still  in  a  state  of  rest  mani- 
fest themselves  as  irregular  astigmatism.  Usually,  as  Giraud-Teulon 
observed,  this  aatigmatism  increases  at  a  more  advanced  time  of  li£^ 
especially  when  opacity  of  the  lens  is  superadded.  EvenMackensiesaya: 
^  Uniocular  diplopia  is  sometimes  a  precnrsor  of  cataract,'^  and  Buete 
veiy  correctly  explains,  how  radiating  opacity  of  the  lens  may  give  rise 
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to  diplopia.  We  hear  the  latter  complained  of  mostly,  when  one  eye 
no  longer  takes  much  part  in  vision,  wiiich  is  very  easily  explicable 
on  the  })rinciples  already  laid  down  (p.  550). 

Besides,  it  very  seldom  occurs,  that  multiple  images  producing  any 
disturbance  remain,  wbfia  bj  the  assistance  of  suitable  spectacles  the 
aooommodatioii  baa  been  made  as  perfect  as  possible.   In  youth  the 
phenomena  of  inq^nlar  afltigmatiam  may,  both  without  and  with  ten- 
sion of  acoommodation,  be  almost  whollj  absent.— -The  irregular  astig- 
matism which  depends  on  displacement  of  the  lens,  prodnoea  much 
more  distarbance,  especially  when  the  lens  has  only  partially  remained 
in  the  plane  of  the  pupil,  and  the  rays,  therefore,  in  part,  rt  fracted 
solely  by  the  cornea,  penetrate  to  the  retina.    This  may  take  place 
in  incomplete  luxation,  whether  spontaneous,  or  produced  by  ex- 
ternal injury ;  but  it  appears  to  occur  more  frequently  as  the  result 
<rf  congenital  ectopia  of  the  lens.    Of  this  I  have  seen  remarkable 
cases,  three  of  which  belonged  to  the  same  family.  In  muh  instances 
the  power  of  vision  is  very  imperfect  Just  like  highly  hypermetropic 
individuals,  the  patienta  see  near  objects  comparatively  better,  though 
still  very  defectively.    Even  when  the  lens  occupies;  half  of  the  plane 
of  the  pupil,  they  comport  tliemsclvcs  as  h\  pernictropes.    This  led 
me  to  infer  that  convex  glasses  would  be  bem  iicial  to  them,  and  it 
appeared  that  in  this  I  w^uj  not  mistaken.  The  glasses  required  were 
similar  to  those  indicated  in  aphakia.  On  accurate  examination  with 
the  ophthalmoscope  and  with  focal  illumination  this  result  cannot 
appear  strange.   If  the  lens  even  in  the  normal  eye  is  less  homo- 
geneous near  the  equator  than  near  the  aiis,  this  is  espedaUy  true  of 
the  abnormally  situated  lens.   The  reflection  is,  moreover,  very 
strong,  particularly  when  the  lens  lies  obliquely.  At  the  side  of  the  lens 
the  fundus  oculi  is  seen  perfectly  clear;  through  the  crystalline  lens  it 
usually  appears  less  ch  ar  and  acute.    This  we  observe  especially  in 
examining  the  inverted  image,  as  we  can  then  see  the  optic  disc  in 
two  closely  adjoining  pictures,  one  larger  and  brighter  by  the  side 
of  the  crystalline  lens,  the  other  smaller  and  less  brilliant  formed  by 
the  co-operation  of  the  crystalline  lens.  Thus^  also,  the  image^  formed 
by  the  medium  of  a  g^ass  lens  on  the  retina,  is  dearer,  more  per- 
fect, and  at  the  same  time  larger  than  that  produced  through  the 
edge  of  the  natural  lens ;  and,  on  the  other  hand,  the  disturbance  from 
the  ravs,  which  form  no  sliar})  image  on  the  retina,  must  in  the 
latter  case  be  greater  than  in  the  first.    A  stenopajic  apparatus,  by 
which  either  the  rays  entering  the  eye  through  the  crystalline  lens, 
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or  those  pasnng  in  beade  it,  are  oat  off,  very  much  im|ffoves  ilie 

acuteness  of  visioiL  In  a  still  yoathful  lad,  labouring  under  conge- 
nital ectopia  of  the  lens,  cataract  was  developed ;  in  proportion  as  the 
lens  became  more  opaque,  the  sight  improved,  I  had  absolutely  no 
inducement  to  operate  on  this  cataract,  even  after  it  had  become 
ripe,  although  the  diifuae  light  atill  cQntinued  aomewbat  inooave- 
nieut. 

The  literature  and  history  of  our  knowledge  of  irregular  aati^matUm  haTt 
been  raffieieiitly  dwelt  upon  in  th9  foregoing.  I  ibaU  here  add  onlj  Hiat  tb 
literature  of  normal  inegslar  astigmatiem,  with  a  brief  etateaMat  of  ito 
eontents,  is  given  by  HelmholtB  c,  p.  146),  and  that  the  eaapa  of  nonatl 
irregular  aatigmatiini  which  have  oeonned,  are  eemmiinieated  in  Ste&w^ 
Ton  Carion's  monograph  {jDenhiehriften  der  k.  k.  jikad.  v.  2,  p.  172.  IMtr 
doppeUe  Brechung  und  davon  ahhdrufige  Polarisaiiim  Lfchte^  ifn  mm" 
tehUehen  Auge  (on  Double  Refraction  and  Polarisation  of  Light  dependot 
thereon  in  the  Human  Eye),  pp.  19  ct  seq.,  Wien,  1853)  as  diplopia  (polyo- 
pia) monophthalmica.  The  theory  of  Stellwag  von  Carion,  which  ia  evident 
from  the  title  of  his  work,  ia  refuted  by  Gut  ( Ueber  IHplo^ia  monoj*!^ 
thalinica,  Zurich,  1864). 
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Like  the  organs  of  animal  life  in  general,  the  eyes  present  a  great 
symmetry  between  the  riglit  and  the  left  side.    The  statement  so 
often  made^  that  the  light  and  the  left  eje  usually  differ  considerably 
is  an  error,  or>  more  strictly  speakings  an  exaggeration.    In  all 
respects,  siiinlarit^  is  lather  to  be  met  with.   This  extendsy  not  onlj 
to  tlie  magnitude  of  the  ejeboU,  the  diameter  of  the  conieay  the  colour 
of  the  iriS|  the  sise  of  the  pupilj  and  other  external  properties^  eren 
some  oongemtal  morbid  deyiationsi  such  as  mici^phthalmos,  cataraeta 
congenita,  iridemia,  and  acquired  changes  of  form,  such  as  cornea 
conica,  often  occur  in  both  eves  in  about  the  same  wav.    The  same 
is  found  to  obtain  witli  respect  to  the  refractive  condition  of  both  eyes. 
£ven  the  degrees  of  progressive  myopia  in  most  cases  ditfer  litUein  the 
two  eyes.   We  have  already  seen  that  the  majority  of  eyes  are  nearly 
emmetropic,  and  this  generally  holds  good,  in  fact,  for  both*  This 
emmetropia  is  the  result  of  the  conTczity  of  the  cornea,  of  the  position 
and  of  the  focal  distance  of  the  ciystalline  lens,  and  of  the  length  of 
the  visnal  axis,  each     which  may  in  itself  differ  considerably  in  the 
normal  einnietropic  eye,  and  tlu  n  iiiutiially  compensate  each  other. 
But  the  similarity  in  the  saiuc  individual  usually  goes  so  far  that,  as 
numerous  measurements  have  shown  nie,  the  radius  of  curvature  of 
the  cornea  coincides  almost  perfectly  for  both  eyes ;  m  hence  we  may 
infer  that  for  two  eyes  of  the  same  individual  the  crystalline  lens 
and  the  length  of  the  visnal  axis  approach  more  nearly  to  each  other 
than  thej  do  for  emmetiojnc  eyes  in  general.   A  certain  harmony 
also  nnmistakeably  exists  in  general  in  the  oonrse  of  the  snbeon- 
jimctival  blood-yessels,  in  many  pecnliarities  of  the  optic  disc  and  its 
blood-vessels,  in  the  entoptic  figure  of  the  lens,  and  in  the  position 
of  the  yellow  spot  (angle  a).    Even  in  the  asymmetry  of  the  cornea 
there  exists  symmetry  betwoen  the  right  and  the  left  side. 

All  this  is  the  rule.   Exceptionally  it  occurs  that  both  eyes  differ 
much  oi^inaUy  from  each  other,  particnlarly  with  respect  to  their 
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refractive  condition.  Thus,  as  we  have  alreadj  remarked  (p.  252), 
this  asjmmetrj  of  the  eyes  is  usually  combined  with  asjmmetcj  off 
other  partSy  especially  of  the  orbit,  and  of  the  bones  oompoeii^ 
ity  80  Uiai  the  diffiBience  of  ihe  e/es  la  reflected  botJi  in  tte 
form  of  tiie  fordiead  and  of  the  free,  fiinoe  mj  former  observa- 
tions on  this  subject^  I  have  taken  much  pains  in  endeavooring  to 
discover  fixed  rules  on  this  point.  In  this,  however,  I  have  not 
succeeded.  I  can  only  in  general  maintain,  that  at  the  side  where 
the  strongest  refraction,  or  rather  the  longest  visual  axis  occurs,  tlic 
orbit  (and  with  it  the  ^e)  is  situated  closer  to  the  median  Ime^  w  hiie 
its  surrounding  edges  are  placed  more  forward.  If  the  left  and 
light  half  differ  in  this  respect  from  one  aooiher,  there  eadata  also  in 
general  a  difference  in  the  refractive  condition,  and  viee  vend. 
Hence  there  is  evidently  a  oonneiion  between  the  two.  Bnt  thai  tiie 
connexion  is  not  absolute  is  not  strange,  for  just  as  with  differing 
form  and  position  of  the  orbits  the  two  eyes  may  be  cnunetropic,  it 
must  be  })ossible  that  equality  of  the  eyes  should  coexist  with 
difference  of  the  orbits  of  the  same  individual.  Though  kamo  dest^ 
and  homo  tinUUr  may  be  dissimilar,  they  may  both  be  emmetropic 
or  equally  ametropic 

The  differencea  ooenning  in  xefraction  may  be  divided  into  cm- 
gemUU  and  ae^iuked.  We  shall  apeak  first  of  the  etmgeniial,  wUeh 
are  the  more  important  Among  these  must  be  reckoned  the  diftr* 
ence  in  myo])ia,  though  in  youth  this  is  often  bnt  slight.  The  pre- 
disposition was  original  and  the  further  development  was  included 
in  it :  where  both  eyes  become  highly  myopic,  that  high  degree  of 
myopia  was  not  present  also  in  youth. 

All  imaginable  combinations  of  refraction  occur  in  fact.  With 
emmetropia  of  the  one  eye,  the  other  may  be  either  myopic  or  hyper- 
metropic; hypermetropia  or  myopia  may  occur  in  very  difoeot 
degrees  in  ihe  two  eyes ;  lastly^  the  (me  ^e  may  be  hypermetropic 
and  the  other  myopic.  It  ia  remarkable  that,  when  aatigmntiam 
occurs  only  on  one  side,  there  is  in  general  in  other  respects  harmony 
of  refraction  on  both  sides ;  that  is,  with  H  of  the  one  eye,  we  linJ 
hypermetropic  astigmatism  of  the  other ;  with  M  of  the  one,  myopic 
astigmatism  of  the  other;  with  emmetropia,  the  astigmatism  is 
mixed. — ^When  with  difference  in  refraction  of  tiie  two  eyes,  the 
comese  have  nearly  eqnal  ladii,  thia  ia  to  be  considered  as  acci- 
dental :  in  general,  under  these  circumstances,  the  difference  is  as 
great  as  is  usuaUy  the  case  in  eyes  of  diifermt  individnak.  Hie 
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same  may  be  admitkd  also  respecting  the  crystalline  lens,  sinoe  tbe 
length  of  the  visual  axis  for  each  eye  ia  connected  with  the  nature 
and  with  the  degree  of  the  ametropia. 

As  to  the  uae  of  the  eyes,  with  difference  of  refraction,  this  is 
posflil^  in  three  ways :  1^.  binocular  vision,  Z".  vision  with  each  of 
the  two  «sye8  alternatdj,  8**.  constant  excLiuion  of  the  one  eje. 

1.  SmmUanmt  vmm  wUh  hoo  eyei,  erea  when  the  eyes  wm 
similar,  was  fonnerly  donhted.   it  was  asserted,  that,  althoogh 
both  eyes  are  properly  ^Kreoted,  only  one  eye  sees  at  the  same  time, 
and  that  iu  this  the  eyes  relieve  one  another.    This  assertion  has 
long  since  been  refuti  il.    But  it  certainly  is  true,  that  we  usually 
abstract  from  the  one  eye  more  easily  than  from  the  other.    If  any 
one  causes  the  sight  to  be  directed  to  a  remote  object,  it  appears,  on 
snbeeqnent  closing  of  the  left  eye,  almost  always,  that  the  right  eye 
has  been  used.   If  a  distant  object  be  covered  with  the  extended 
finger,  this  covering  will  bj  most  people  be  effected  for  the  tight  eye. 
Now  where  there  is  difference  in  refraction  that  eye  is  used,  with 
V  Inch,  at  the  required  distance,  vision  is  most  acute  and  easiest. 
But  if  the  ordinary  observation  of  an  object  be  in  question,  there 
may  be  binocular  vision  even  with  unequal  eyes,  within  the  limits  of 
eaay  convergence.  This  occurs  in  many  cases,  even  where  there  is  con- 
siderable difference  in  refraction.    Experience,  iu  fact,  shows  that  in 
spite  of  the  unequal  magnitude  and  unequal  acuteness,  the  images  of 
the  two  retinas  assist  one  another  in  observation :  not  only  axe  the 
solidity  and  the  distance  more  correctly  estimated,  but  even  acuteness 
of  vision  and  the  haJdiy  of  reading,  writing,  fte.,  may  gain  thereby. 
This,  indeed,  cannot  surprise  us.  In  the  first  pkoe,  even  for  nomud 
and  equal  eyes,  there  are  no  absolutely  identical  or  corresponding 
points,  and  it  is  certain  that  such  are  much  less  still  to  be  expected, 
when,  from  original  inequahty  of  the  two  eyes,  the  condition 
fi)r  connecting  these  points  by  practice  more  and  more  perfectly  in  a 
j^mmetrical  position,  haa  bera  wanting  (compare  p.  165).    In  the 
second  places  as  will  more  particularly  be  seen,  the  feeble  tints  of 
diffuse  images  forthwith  disappear,  when  the  acute  image  of  the 
second  eye  is  combined  with  them.   In  speaking  of  irregular  astig- 
matism, I  have  already  alluded  to  a  remarkable  co-operation  of  two 
unHjual  images  (compare  \).  550).    How  unequal  iu  magnitude  and 
acuteness  the  two  retinal  pictures  of  a  near  object,  viewed  laterally 
by  both  eyes,  often  are  in  equal  eyes !    In  truth,  the  second  eye  is 
laidy  disturbing  to  vision,  unless,  in  consequence  of  an  opacity,  it 
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admits  much  diffused  light  to  the  retina;  and  that  even  then  tlii? 
disturhancc  is  hy  no  means  the  rule,  is  proved  hoth  by  the  rarity  of 
the  deviation  of  an  eye  affected  by  cataract,  and  by  the  possibilitj  of 
the  deTclopment  of  cataract  in  one  eye  being  totally  unobsenredL 

To  satisfj  ourselves,  whether  both  eyes  take  part  in  Yimoi], 
cover  tliem  alternately,  haying  fixed  an  object,  by  putting  the  hand 
befofe  them.  Whicbew  eye  we  oo?er,  that  which  has  remained 
nncoTef^  must  oontinoe  to  fix  without  morement}  and  if  the 
covered  eye  had  deviated  behind  the  hand,  it  must^  on  lemoving  the 
latter,  immediately  again  occupy  its  former  place.  If  the  result  of 
this  examination  leaves  any  doubt,  we  place  a  weak  prismatic  glass 
with  the  angle  inwards  before  the  one  eye,  whereupon,  if  vision  is 
binocular,  double  images  arise^  which  are  overcome  by  a  distinct 
movement  inwards* 

When  there  is  a  diflference  in  lefraetioD,  we  can  detennuie  the 
£uthe8t  and  nearest  point  of  each      sepaiatdy.   If  the  acnteness 
of  vision  is  sufficient  in  both,  we  usually  find  Ihe  ranges  of  acoom- 
modation  also  equal.   And  if  these  are  greater  than  the  difference 
in  refraction,  they  fall  partly  on  one  another :  the  nearest  point  of 
the  least  refracting  eye  lies  at  a  shorter  distance  than  the  farthest 
point  of  the  most  refracting  eye.    But  still  we  should  be  very  much 
deceived,  if  we  supposed,  that  in  binocular  vision  the  distance  for 
which  accommodation  takes  place  could  be  equaL    Buffon  held 
this  opinion,  but  we  have  called  it  an  error.  Even  a  slight  dif  erence 
in  refraction  we  are  not  able  to  afl^ust  by  accommodation,  if  this  has  an 
equal  range  in  both  eyes,  so  inseparably  is  the  tension  of  accommo- 
dation in  one  eye  connected  with  that  in  the  other.   Of  this  we  can 
easOy  satisfy  ourselves.  Let  any  one  who  has  equal  eyes,  hold  only  a 
weak  negative  or  positive  glass  before  the  one  eye,  look  at  any  ob- 
ject, and  then  close  alternately  the  one  and  the  other  eye.  Exj)eri- 
ments  of  this  nature  are  retilly  important.    We  perceive  in  the  first 
place,  that  we  continue  to  accommodate  acutely  with  the  one  eye, 
and  indeed  by  preference  with  the  eye,  which,  with  less  tension  of  the 
relative  accommodation,  forms  the  sharpest  and  largest  images.  I 
myself,  for  example,  read  the  finest  diamond  type  for  hours  together, 
without  fatigue,  in  ihe  evening,  without  spectacles,  but  if  I  bring  a 

glass  of  ^  before  one  eye,  I  nevertheless,  by  preference  use  Has 

eye  for  looking  at  near  objects.  Now  it  further  appears,  that 
with  the  unaided  eye  we  have  in  this  case  a  difi'usiou-image.  By  no 
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tension  whatever  can  we  succeed  in  getting  a  sliarply-definecl  image 
for  both  eyes  together.  Finally,  we  observe,  if  we  now  again  open 
the  assisted  eje,  that  the  feeble  parts  of  tke  diffuse-image  almost 
entiiely  disappear,  while  the  darker  parts  coindde  with  those  of  the 

acute  image.  With  glasses  of  experience  no  disturbance  what- 
ever ;  with  those  of     there  is  something  misty,  which  disappears  on 

covering  the  eye  wliichis  not  properly  adjusted ;  but  in  spite  of  that 
mistiness,  botii  the  solidity  and  the  distance  of  objects  are  more  cor- 
rectly estimated,  and  with  the  stereoscope  a  stereoscopic  image  is 
obtained.  Undoubtedly  the  advantages  of  binocular  vision  extend 
mach  further,  if  the  difference  in  refraction  existed  originally,  the 
reasons  of  which  have  already  been  given.  Besides,  just  as  in  the 
experiments  with  artificial  difference  by  means  of  glasses,  the  one  eye 
in  this  case  also  accommodates  sharply^  at  the  expense  of  the  other, 
rather  than  by  average  tension  of  accommodation  to  obtain  half  acnte 
images  in  both  eyes.  This,  however,  does  not  j)revent  the  acuteness 
of  vision,  when  it  is  imperfect  in  both  eyes,  being  rendered  greater  by 
the  assistance  of  the  less  correctly  accommodated  eye :  this  1  have  ob- 
served especially  in  disturbance,  the  result  of  astigmatism.  But  even 
when  in  consequence  of  too  great  difierenoe  in  refraction,  the  second  eye 
no  bnger  assists,  it  at  least  produces  no  disturbance.  I  recently  made 
the  acquaintance  of  an  optician  of  great  merit,  who  told  me,  tiiat  he 
was  emmetropic  in  one  eye,  whfle  in  the  other,  he  had  M  s  1 :  5*5. 
The  eyes  were  properly  directed  for  any  distance.  In  ordinary 
vision  he  experienced  uo  disturbance  and  used  his  emmetropic  eye. 
"With  tlie  emmetropic  eye  a  small  light  at  a  distance  appeared  to 
him  to  be,  in  fact,  very  small ;  with  the  myopic  eye  it  presented 
a  large  diffused  image.  But  if  he  now  opened  the  emmetropic  eye, 
the  diffused  image  diminished  to  one-half.  He  asked  me  for  the  ex- 
pknation  of  this  fact.  I  found  it  partly  in  the  diminution  of  the  pupil 
of  the  myopic  eye,  on  opening  the  other,  partly  in  the  circumstance 
that  the  moat  external  and  fainter  portion  of  the  diffusion-image 
actually  became  invisible ;  the  outermost  part  was  &inter^  because 
the  eye  was  accoinniodated  for  a  nearer  pond. 

Not  unfretpiently  it  has  oecurred  to  me,  that  the  patient  has 
thought  that  with  one  eye  he  could  scarcely  distinguish  anything, 
notwithstanding  that  the  acuteness  of  vision  was  still  tolerably  good. 
I  have  found  this  in  high  degrees  both  of  myopia  and  of  hyperme- 
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tropia.    Tliat  the  power  of  vision  of  a  strongly  hypermetropic  eve, 

which  requires  glasses  of      or  even  of  \  in  order  to  have  defined 

images  on  the  retina,  has  been  overlooked,  cannot  surprise  us ;  but 
it  is  singular  that  clever  and  well-informed  men  have  so  often 
contiimed  ignorant  that  they  still  see  satisfactorily  with  their  strongly 
myopic  eye,  when  they  only  bring  the  ol)ject  near  enough.  In 
these  cases  the  unused  eye  has  often  deviated  somewhat,  and  indeed 
almost  without  exception  in  the  outward  direction.  This  direction 
1  have  even  met  with,  when  the  deviated  eye  was  strongly  hyperme- 
tropic, provided  that  myopia,  or  at  least  emmetropia,  existed  in  the 
other  used  eye.  Under  these  circumstances  the  direction  of  the  eye 
may  for  certain  distances  have  still  continued  correct.  In  general,  I 
must  observe  that  deviation  is  never  produced  by  difference  in  refrac- 
tion. At  most  the  latter  may  be  the  cause,  why  the  deviation  was 
not  prevented,  and  it  is,  in  fact,  no  longer  prevented,  so  soon  as  the 
difference  in  refraction  is  so  great  that  the  one  eye  loses  all  im- 
])ortance  for  binocular  vision  :  this  eye  is  then  equivalent  to  a  blind 
eye,  and  just  like  the  latter,  therefore  deviates  outwards.  But  if 
the  eye  has  still  any  co-operation  in  binocular  vision,  vision  is  im- 
proved by  it,  and  certainly  the  deviation  never  arises  in  order  to 
prevent  binocular  vision,  as  has  been  asserted. 

2.  TAe  ej/es  are  alternately  used. — In  difference  in  refraction  it 
not  unfrequently  occurs,  that  the  one  eye  is  employed  for  near,  and 
the  other  for  distant,  vision.  I  allude  to  those  cases  in  which  a 
certain  deviation  exists,  and  where,  consequently,  binocular  vision, 
properly  speaking,  does  not  occur :  evidently  this  alternation  exists  as 
a  rule,  so  long  as  binocular  vision  is  maintained,  in  which,  as  we 
have  seen,  the  one  eye  is  always  acutely  accommodated,  and  there- 
fore, in  the  whole  region  of  accommodation,  each  eye  in  part  takes 
the  office  on  itself.  Now,  in  these  cases,  it  may  appear  as  if  the 
range  of  accommodation  is  extraordinarily  great.  Thus  one  of  my 
friends  boasted,  that  at  a  distance  he  saw  with  perfect  acuteness,  and 
that  in  vision  for  near  objects  he  was  inferior  to  none.  On  exami- 
nation this  was  at  once  explained.    His  right  eye  was  emmetropic, 

and  his  left  presented  myopia  =  lie  was  himself  not  aware  of 

this.  After  his  twenty-eighth  year  this  last  eye  began  to  deviate 
outwards,  and  was  thus  excluded  from  binocular  vision  ;  but  he  con- 
tinues to  use  it,  when  he  wishes  to  distinguish  very  small  objects. 
Thus  a  deviated  iny()j)ic  eye  is  most  certainly  preserved  from  ambly- 
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opia^  wliilc,  on  the  contrary,  that  which  has  deviated  inwards  becomes 
amblyopic  throughout  tlic  greater  part  of  its  ficKl  of  vision.  That  it 
is  of  importance^  il'  possible,  to  preserve  it  from  amblyopia,  need 
acaicely  be  observed. 

3.  One  eye  ma^,  in  obeervaHim,  coiUm%e  wholly  exdmded. — Under 
tluB  bead  two  kinds  of  ctsea  are  to  be  distingniahed:  those  in  which 
a  morbid  condition  of  the  eye  {e,y,,  detachment  of  the  retina)  has  set 
in,  and  has  given  rise  to  the  exclusion  with  deviation,  and  those  where 
the  deviation  was  primary,  iulluenced  by  the  tension  of  the  muscles, 
and  the  disturbance  of  vieiou  is  the  result  of  want  of  use.  With  res})ect 
to  the  first  we  may  be  silent.    As  to  the  last,  we  must  distinguish 
between  the  deviation  inwards  and  that  outwards.    In  the  deviation 
outwards  the  field  of  vision  is  enlarged,  and  extends  over  objects, 
which  are  not  seen  by  the  other  eye.   In  the  deviation  inwards  the 
fidd  of  vision  is  diminished,  and  that  of  the  deviated  eye  &lls  more 
over  the  other.  This  may  produce  confusion,  and  therefore  we  men- 
tally neglect  the  impressions  received  on  the  corresponding  part  of 
the  deviated  eye,  which  consequently,  so  far  as  the  common  binocu- 
lar field  of  vision  extends,  becomes  amblyopic.    In  the  deviation 
outwards  only  a  small  portion  of  the  field  of  vision  is  common ;  and, 
moreover,  abstraction  is  less  required,  because  the  usually  strongly 
myopic  eye  receives  very  diffuse  images.   Therefore,  in  these  cases 
the  power  of  vision  is  generally  tolerably  satisCMtorily  maintained,- 
even  though  the  eye  is  not  used. 

A  word  still  as  to  the  aeq»ired  differences  in  refraction.  They  are 
limited  chiefly  to  aphakia  and  to  loss  of  accommodation  in  one  eye. 
The  mode  in  w  hich  vision  takes  place  in  aphakia  of  one  eye  has  been 
investigated  by  von  Graefe,  partif  ulnrly  with  reference  to  the  ques- 
tion, whether  it  is  desirable  to  operate  for  cataract  iu  one  eye,  while 
the  other  is  sound  ?  His  answer  is,  that,  taking  everything  together, 
**  the  operation  for  cataract  in  one  eye,  with  important  advantages,  is 
attended  with  no  essential  injury,  and  is  therefore  always  indicated, 
if  we  can,  with  tolerable  certainty,  reckon  upon  a  favourable  reeulf 
In  this  opinioQ  I  can  cordially  concur.  Pardcnlarly  in  active  young 
persons,  in  whom  at  the  same  time  the  danger  of  the  operation  is 
slight,  the  advantages  of  a  wider  liekl  of  vision,  diminishing  the  risk 
of  wounds  upon  the  second  eye,  the  removal  of  the  deformity  and 
the  greater  self-confidence  inspired  by  the  possession  of  two  eyes, 
throw  a  considerable  weight  into  the  scale.  Moreover,  I  can'  con- 
firm the  observation  of  von  Graefe,  that  in  young  persons  the 
existence  of  combined  vinon  can  often  be  established,  whereby  the 
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estimation  of  distance  and  of  solidity  is  improved,  and  that  where 
combined  vision  is  wanting,  the  lensless  eye  at  least  extreraelj  rarely 
causes  any  disturbance.  On  a  single  occasion  double  vision  pro- 
duced disturbance  where  there  was  deviation  outwards.  Besides, 
that  strabismus  should  occur  as  a  result  of  the  operation,  I  cannot 
admit.  At  most,  it  is  comprehensible  that  it  should  increase  where 
it  had  already  existed,  and  produced,  immediately  after  the  operation, 
double  images,  near  to  one  another,  which  it  was  difficult  to  uuite 
again  by  muscular  action. 

Finally,  where  the  power  of  accommodation  is  lost  or  diminished 
in  the  one  eye,  the  distance  of  distinct  vision  does  not  proceed  equally 
on  both  sides.  On  looking  to  a  distance  both  eyes  may,  for  exam- 
ple, be  properly  accommodated ;  this  proper  accommodation  disap- 
pears in  proportion  as  the  object  approaches.  The  inequality  which 
has  usually  suddenly  set  in,  probably  still  more  its  changeable 
degree,  gives  rise  to  complaints  of  dazzling.  The  large  pupil  is 
doubly  injurious,  as  it  makes  the  circles  of  diffusion  larger  and  in- 
creases the  strength  of  the  light  in  the  eye  which  does  not  see 
acutely.  In  speaking  of  the  anomalies  of  accommodation  we  shall 
revert  to  this  point. 

§42.  tlleatment  and  optical  remedies  in  difference  of 

Kepraction  in  the  Two  Eyes. 

In  the  establishment  of  the  indication,  the  principal  thing  is  to 
determine,  whether  binocular  vision  exists,  or  not. 

"Where  binocular  vision  is  present,  at  any  distance,  the  point  is  to 
maintain  this,  and  if  j)ossible,  to  render  it  capable  of  extension  over 
a  greater  region.  In  the  choice  of  glasses  we  start  from  the  more 
acutely-seeing  eye,  to  which  the  other  must  remain  subordinate. 
"Where  there  is  little  difference  in  acuteness  of  vision,  it  mav  also 
be  considered  which  eye  needs  the  weaker  glass  for  correction,  that 
is  indeed  also  in  general  the  eye  which  has  the  more  acute  vision.  For 
this  eye  now,  according  to  its  refraction  and  accommodation,  quite 
independently  of  the  other,  all  the  rules  hold  good,  that  guide  us  in 
the  choice  of  glasses  (compare  §§  18,  23,  and  32).  The  question  then 
remains,  what  glass  the  other  eye  requires  ? 

At  first  view  we  might  suppose,  that  for  this  latter  we  should 
have  simply  to  choose  the  glass  that  brings  the  farthest  point  to  the 
same  distance,  at  which  it  lies  for  the  first  eye.  This  is  in  fact  the 
opinion  of  laymen :  "  My  eyes  differ,  consequently  I  need  different 
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glasses/' — such  is  the  ordinary  reasoning.  It  is  so  evident,  so  pal- 
pable, and  aj)parcntly  so  logical,  that  we  cannot  be  surprised  at  it, 
the  less  so,  as  the  so-called  "  opticiaDS  **  support  it^  aud  are  quite 
prepared  to  put  two  different  glasses  in  the  same  frame.  It  is,  how* 
ever,  far  from  being  the  case,  that  we  should  keep  to  Uiis  rule.  Even 
from  habit  %  great  difficulty  arises.  One  person  has,  in  spite  of 
hjpermetropia  in  one  eye,  in  his  youth  always  seen  and  read  with- 
out spectacles,  and  has  never  experienced  any  difficulty  in  binocular 
vision.  Another  reads  admirably  and  suffers  no  fatigue,  although 
his  eyes  are  in  diflerent  degrees  myopic.  If  we  now  give  such  people 
convex  or  concave  glasses  similar  for  both  eyes,  they  will  be 
satisfied,  for  the  relation  between  the  two  eyes,  to  which  they  are  ac- 
customed, remains  almost  unchanged*  If,,  on  the  other  hand,  we  give 
ihem  differait  glasses,  whereby  the  range  of  accommodation  in  both 
eyes  becomes  more  equal,  we  shall  often  enough  find  the  proverb 
confirmed  "le  mieux  est  Fennemi  du  bien.'^  The  cause  of  this  is 
principaUy  that  when  the  distance  of  distinctness  is  made  equal,  the 
images  of  the  two  eyes  are  not  equal,  but  different,  particularly  in 
magnitude.  "Within  certain  limits  a  difference  in  magnitude,  such  as, 
with  equal  eyes,  can  })e  produced  by  a  combination  of  a  positive  and 
negative  glass  for  the  one  eye,  is,  as  is  shown  by  the  experiment^ 
attended  with  no  essential  difficulty,  especially  not  in  looking  at 
objects  situated  in  the  same  plane,  as  in  reading,  writing,  &c  If 
we  consecntivdy  dose  each  eye,  it  is  found  that  the  letters  appear 
with  one  eye  larger,  with  the  other  smaller,  while  both  eyes  combine 
them  in  a  medium  magnitude.  It  is  well  known  that  this  is  equaHy 
the  case  when  we  look  at  two  uniform  figures,  with  a  slight  difference 
in  magnitude,  through  the  stereoscope.  It  is  the  result  of  the 
varying  and  imperfect  correspondence  of  the  symmetrical  points 
which  must  result  from  the  ordinary  use  of  the  eyes,  in  which  letters 
and  other  forms  are  so  often  met  with  at  somewhat  unequal  distances 
£rom  the  two  eyes.  But  if  the  difierence  in  magnitude  exceeds  a 
certain  degree,  double  vision  becomes  evident,  with  larger  letters 
corresponding  to  one,  smaller  to  the  other  eye,  which  cannot  be 
brought  to  cover  one  another,  and  which  the  person  is,  therefore, 
inclined,  by  deviation  of  one  of  the  visual  lines,  to  separate  still 
further.  The  same  thing  occurs  when  the  same  distance  of  dis- 
tinct vision  has  been  produced  in  cases  of  great  differences  in  refrac- 
tion by  ditference  of  glasses.^   This  has  led  me  to  adopt  the  rule 

*  Wo  might  torn  highly  periioopio  glaises  (whose  nodsl  pmnts  lie  oat- 
■ido  the  body  of  the  gjlaas)  for  tho  one  oyo  with  the  oonvex,  for  the  other 
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to  give  similar  glasses  for  both  eyes,  when  the  binocular  \*i5ion  of 
eyes  of  different  refraction  is  acute  and  easj  at  auj  distance  witboDt 
glawcBj  and  shifting  of  this  distanoe  is  necessarj,  and  I  find  this 
to  answer  veiy  well.   But  may  we  never  deviate  from  ihb  rale? 
Undoabtedlj.  In  the  first  place  we  may  do  so  when  the  diflcwaee 
in  refraction  is  slight,  amonnting  to  not  more  than  ^  or  ^    I  bate 
met,  particnlsriy,  with  myopes,  who  have  for  distant  vision  given 
the  preference  to  such  corresponding  difference  in  glasses.  More- 
over, where  there  is  a  greater  ditTerence  in  refraction,  we  may,  by  a 
mo(]erate  difference  in  glasses,  partly  correct  this;  for  example,  with 
M  =  A  in  one  eye,  and  M  =  (  in  the  other  eye,  we  may  give  a  glass 
for  the  first  (if  there  is  no  oontra-indication  to  neutelisation), 
and  at  the  same  time  one  of  —  A  for  the  other  isye ;  bat  the 
difference  in  glasses  can  rardy  exceed  ^or  dk.  Lastly,  there  may  often 
be  an  advantage  in  producing  by  different  glasses,  in  imperfect  acute- 
ness  of  vision,  nearly  accurate  images  on  the  two  retinas,  by  whose 
co-operation  then  the  power  of  distinguishing  is  sometimes  really  in- 
creased.   This  refers  especially  to  hypermetropes :  these,  even,  are 
also  the  cases  iu  which  the  patients,  under  the  existing  difference  in 
refraction,  were  not  satisfied  with  their  power  of  vision  at  any  distance 
whatever,   ^nt  nnder  all  drcnmstances  the  combination  of  the  dif- 
ferent glasses  ought  to  be  tried,  to  ascertain  if  it  is  really  raitab]& 
A  jmori  we  can  give  no  certain  opinion,  as  the  existing  difference  of 
the  eyes  has  become  habitual,  and  may  have  had  an  influence  on  the 
corresponding  points. 

When  an  eye  takes  part  in  combined  \nsion,  its  function  is  main- 
tained, even  when  it  constantly  receives  very  imperfect  diffused 
images.  Particularly  the  field  of  vision  continues  in  its  integrity, 
and  if  the  acnteness  of  sight  may  somewhat  diminish,  it  retonu^ 
when  more  is  required  from  this  ^e,  for  example,  when  disturbance 
oceors  in  the  otiber  and  on  systematic  practice.  This  last  I  consider  in 
every  case  desirable,  especially  in  high  degrees  of  ordinary  hypep- 
mctropia,  likewise  in  aphakia ;  it  is  accomplished,  the  eye  ordinarily 
used  being  closed,  simply  with  a  convex  glass.  Thus  remaining  un- 
enfeebled,  this  eye  is  then  always  ready  to  atrord  assistance  so  soon 
as  the  other  may  come  to  fail,  and  at  the  same  time  it  can  still  better 

with  the  oonoave  surface  towards  the  eye,  or  by  a  peculiar  combination  of  a 
concave  and  a  oonvcx  glass,  different  for  each  eye,  we  might  endeavour  to 
bring  the  resulting  nodal  points  on  both  sides  to  an  equal  distanoe  from  the 
retina,  and  thus  to  make  the  images  equally  large  ;  but  the  method  is  very 
delicate,  and  I  can  scaroely  imagine  that  it  will  erer  be  adopted  in  praotioe. 
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aid  in  binoenlar  Tinon.  A  highly  myopic  eye  can  practise  without, 
a  g^lass.    This^  however,  has  nsnally  deviated  outwards,  and  it  then 

belongs  to  another  category,  namely,  to  those  cases  in  which 

J^invcular  vUion  u  ahaent. — It  is  cliiefly  under  this  licad  that  the 
remarkable  examples  fall,  in  which  a  defect  in  refraction  is  looked 
upon  by  the  patient  as  total  uselessnese.  I  will  commimicate  a 
oonple  of  them. 

I.  Mr.  fi.,  aged  66,  an  arohitaot,  has  from  hit  yosth  been  mneh  ooonpied 
with  aidiiteetiiial  tewing.  In  thb  he  has  alwaji  laade  um  of  hia  left 
eye.   8inoe  an  attaek  in  the  eyes,  from  whieh  he  enflbred,  he  haa  seen  leaa 

acutely  with  that  eye.  '*  It  ia  my  only  eye,"  he  says,  **and  I  am  much  per- 
plexed.*'  I  establish  the  exiatonee  of  M  =  l :  n  -5,  S  =  0-6,  diffuse  light 
being  warded  off,  and  of  synechia,  with  opacity  of  the  anterior  surface  of 
the  crystalline  lens,  the  result  of  iritis.    On  glancing  with  the  ophthalmo- 
scope also  into  the  right,  somewhat  outwardly  deviated  eye,  I  find  it  free 
from  synechia  and  see  with     (compare  my  method  at  p.  ^337)  the  fundus 
oculi  scarcely  diffused  in  the  non-inverted  image  :  the  eye  was  therefore 
hypermetropic.    On  asking  him  how  he  saw  with  that  eye,  I  received  for  uu 
answer  that  at  a  distance  everything  was  confused,  and  that  he  oould  distin- 
guish nothing  near  with  it.   Hia  amaiementy  when  he  looked  at  a  distance 
through  a  glaaa  of  ^  iaatUl  vividly  before  me.     I  aetoally  see  better  with 
this  eye,"  he  exclaiinfld,  *'  than  I  ever  did  with  the  right,  even  with  the 
aid  of  my  oonoave  glasa."  Objeeta  appeared  to  him  at  the  same  time  mneh 
larger,  and  if  he  looked  at  those  with  which  he  was  aoquainted,  he  tboi^t 
the  distance  shorter  than  it  really  waa.   With  \  he  read  without  diffionlty ; 
with  \  he  distinguished  the  smallest  type.   His  hypermetropia  amounted  to 
not  more  than  ^ ;  6  being  at  the  same  time  =  0-7. 

Two  points  here  deserve  our  attention.  In  the  first  place,  that  in  apparent 
disuse  the  eye  had  continued  so  good  :  I  am,  however,  convinced  that  in 
looking  at  distant  objects  the  patient  not  unfrequently  made  use  also  of  this 
eye.  In  the  second  place,  that  with  the  comparatively  slight  degrte  of  IT, 
he  did  not  know  the  value  of  the  eye.  This  is  certainly  to  be  ascribed  to 
the  fact,  that  the  other  eye  was  myopic,  and  that  in  youth,  its  degree  of 
myopia  being  somewhat  Jess,  it  saw  near  objects  almost  without  exertion, 
and  at  the  aame  time  distinguished  at  a  diatanee  better  than  the  hyperme- 
tropic eye  did.  In  thia  way  there  waa  no  oeoasion  to  put  the  acoommoda- 
tion  mnoh  upon  the  stretoh.  If  both  eyes  had  been  in  the  same  degree 
hypermetropio,  Mr.  B.  would  undoubtedly  have  read  with  them. 

XL  Mrs.  L.,  aged  40,  haa  a  number  of  general  ailmenta,  and  to  them  aha 
aMribsait,  that  during  the  last  six  months  her  sight  has  fallen  off  very 
much.  "  With  the  right  eye  she  has  never  seen."  It  is  rather  strongly 
de?isted  outwards.  The  left  eye  has  M  =  1  : 5,  S  =  10 : 70 ;  the  diminiihed 
aonteness  of  vision  is  dependent  on  chorioiditis  disseminata  and  motes  in 
the  vitreous  humour.  A  glance  into  the  right  eye  with  the  ophthalmoscope 
shows  me  with  ^at  adistanoe  the  inverted  image  of  the  fundus  oooU,  bearing 
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ftxadMrooiiiid0niU«€ireii]arfttroph7.  It  tiMrafon  appetn  tibat  Ih*  myopia 
liM  lufit  a  muoh  higlier  degree;  and  iHiila  I  bow  appioziimite  Ko.  1  to  3% 
■ha  nada  U  without  aaydifieulty,  to  har  own  amasemeiit:  **8ha  had  narvcr 
triad  thia."  In  thia  eja  M  waa  as  1 :  2*5,  8  =  10:40,  and  with  a  glnaaoT 
—  J  sba  ooold  atill  read  satisfactorily  with  this  eye.  While  the  left  ejw  waa 
under  treatment,  I  advised  her  to  practise  the  ri^t  cja  aaationalyy  put^ 
without  a  glass,  partly  with  —  Thos  S  within  some  months  inacvnaad 
to  9 : 20,  and  tha  eja  waa,  and  oontinaad,  mnoh  mora  oiefttl  thaa  tha  Isft. 

In  genend,  the  optical  treatmeiit  in  differmoe  in  refractioii,  ii 
much  eaaier  where  there  is  deviation  of  one  eye  than  when  tlieie  ii 

binocular  vision.    In  this  case,  we  keep  the  better  eye  for  ordiMry 
use,  and  keep  up  the  other  by  rc^ilar  practice,  with  exclusion  of  the 
better.    In  rare  cases,  with  deviation  outwards,  the  one  eye  is  used 
exclusively  for  distant,  the  other  for  near,  objects.    This  task  they 
must  continue  to  fuliil^  and  we  keep  up  each,  so  far  as  is  necessaij, 
according  to  the  general  rules.    This  is,  therefore,  still  simpler. 
Lastly,  almost  always  with  deviation  inwards,  and  not  nnfreqnentlj 
also  with  deviation  outwards,  the  one  eye  is  wholly  out  of  use: 
perhaps  it  was  even  originally  less  sharpsighted,  and  now  it  is  quite 
amblyopic.    If  it  no  longer  fixes  on  closing  the  other  eye,  there  is 
nothing  to  hope  for.    Practice  is  then  in  vain. — The  question,  when 
it  is  expedient,  in  deviation,  to  perform  tenotomy,  cannot  be  here 
investigated  at  length.    On  this  subject,  I  may  refer  to  the  well- 
known  essay  of  von  Qraefe.   A  couple  of  remarks  may  here  be 
made.    As  the  result  of  my  investigation,  I  have  assumed  that 
difference  of  refraction  never  produces  strabismus,  but  onlj  does  not 
prevent  its  occurrence.   Consequently,  from  the  difference  in  refrac- 
tion, a  decided  oontra-indication  to  tenotomy  is  never  to  be  deduced. 
We  must  say  only,  that  binocular  vision  can  acquire  no  particular 
value.    But  is  not  tenotomy  performed  for  a})pearance'  sake,  even 
when  one  eye  has  lost  its  sight? — A  second  remark  is,  that  in  the 
highest  degrees  of  myopia  an  eye  deviated  outwards  acquires, 
through  simple  tenotomy,  a  better  position  in  looking  at  distant 
objects,  but  seldom  learns  to  converge. 

In  aphakia  of  the  one  eye,  with  normal  acuteness  of  viaon  of  the 
other,  especially  with  deviation  of  that  eye,  some  practice  with  a 
convex  glass  is  to  be  recommended,  in  order  to  prevent  retrogression 
of  the  acuteness  of  vision.    Some  minutes  dailv  are  sufficient. 

To  the  indication,  in  loss  of  accommodation  of  one  eye,  I  shall 
revert,  in  s{)eaking  of  the  anomalies  of  accommodation,  at  the  con- 
sideration of  which  we  have  now  arrived. 
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INTRODUCnaN, 


We  commenced  the  second  chapter  of  this  work  by  demonstrating 
that  the  anomalies  of  refraction  and  those  of  accommodation  form 
two  different  categories.    We  laid  stress  upon  the  fact  that^  as  the 
first  aie  anomafies  of  the  fonn^  the  latter  disturbances  in  the  fono- 
tion  of  mnsdesy  th^mnst  be  rigidly  diBtingoished  from  one  another. 
But  with  this  difference  in  nature,  the  connexion  between  the  two  is 
not  to  be  overlooked.    Thus  we  had,  in  spea][ing  of  the  emmetropic 
eye,  to  treat  of  presbyopia,  which,  althoutrh  the  normal  condition  at 
a  more  advanced  time  of  life,  is,  with  respect  to  its  essential  nature, 
related  to  the  anomalies  of  accommodation.    Thus,  in  aphakia, 
the  refraction  is  abnormal^  but,  at  the  same  time^  the  accommo- 
dation is  removed.    Thus  we  saw  further  how  bypennetropia,  and 
sometimes  also  myopia,  leads  to  spasm  of  accommodation,  and  bow, 
in  the  two  forms,  the  connexion  between  accommodation  and  con- 
Tergence  is  peculiarly  modified.    If  we  add  that  the  symptoms^diffsr, 
accordingly  as  the  anomaly  of  accommodation  occurs  in  emmetropic 
or  anietropic  eyes,  and  that  the  differential  diagnosis  between  the 
two  cateijories  is  not  always  free  from  difficultv,  it  will  certainly  be 
admittetl  tliat  it  is  practically  useful  to  append,  in  the  same  work, 
to  the  detailed  treatise  on  the  anomalies  of  refraction,  a  short  descrip- 
tion of  the  di:$tttrbances  of  accommodation. 

Accommodation  depends  upon  muscular  action.  We  are  here  there- 
fore to  expect  the  anomalies  wbidi  are  proper  to  muscles  in  generalt 
paralysis  and  spasm.   In  connexion  with  the  fonner,  the  action  of 
mydriatics ;  in  connexion  with  the  latter,  that  of  myotics,  is  to  be 
studied.    Each  investigation  must  be  based  upon  a  knowledge  of 
the  ner\'es,  which  are  implicated  in  either  condition,  and  we  have  to 
treat  thereof  in  connexion  with  the  movements  of  the  iris,  which  are 
associated  with  those  of  accommodation. 
We  therefore  treaty  in  three  chapters,  of : — 
1.  The  influence  of  the  nenres  upon  accommodation,  and  np<m 
the  movements  of  the  iris, 
n.  Paralysis  and  debility. 
III.  Spasm. 
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CHAPTER  X 


INFLUENCE  OF  THE  NERVES  UPOX  ACCOMMODATION  AJO) 
UPOI«  THE  MOVEMEliTS  OF  THE  UUS. 

§  43.  The  MoTsuim  or  thb  Iris. 

The  mechanism  of  accommodatioii  has  already  come  imder  our 
consideration  (§  4).  Heio  we  may  therefoie  confine  onndyeB  to 
tlie  movements  of  the  iris. 

The  movements  of  the  iris  aie  of  two  kinds  r  zeflex  and  yolimtaiy. 
Reflex  action  is  exhibited  as  constriction  of  the  pupil,  in  conse- 
quence of  the  stiinulus  of  inculcnt  light  upon  the  retina.  Pontana* 
has  shown  that  tlie  light  falling  upon  the  iris  produces  no  remark- 
able contraction.    We  have  confirmed  this  result  by  causing  the 
image  of  a  small  distant  light  to  fall,  by  means  of  a  convex  lens, 
upon  the  iris,  whereby  during  slight  perception  of  light,  a  doabtfnl 
contraction  occurred,  which  gave  way  to  a  strong  contraction  so  aooo 
as  the  light,  entering  through  the  pupil,  excited  a  vivid  peroeptiott.t 
That  this  contraction  takes  place  by  reflex  action  of  the  optic  nerve 
upon  the  ocnlo-motor  nerve  in  the  brain  was  proved  by  Mayo^t 
striking  experiments  upon  pigeons.    Nevertheless,  the  experiment? 
of  llarlc?!s§  and  of  iUulge||  have  shown,  that  even  after  death,  so 
long  as  irritability  remains,  the  pupil  still  contracts  upon  the  con- 
tinued action  of  light.    Of  the  correctness  of  this  observation  wc 
have  satisfied  ourselves.    In  a  dog,  killed  by  loss  of  blood,  the  one 
eye  was  closed,  the  other  was  opened  and  turned  to  the  light :  after 
the  lapse  of  an  hour  the  pupil  of  the  opened  eye  was  peroqitiblj 
smaller  than  that  of  the  closed  eye.   The  latter  now  remained  also 
exposed  to  the  light,  and  on  the  following  day  the  diameter  of  both 

•  Dei  Moti  (h  W Iride.  Lucca,  1765.  Compare  also  Profjravima,  etc.,  cui 
inest  Diss.  K.  II.  Webcri,  Sumimun  dovtrincc  de  motu  iridis  confincns,  1821. 

f  Compare  de  Ruiter,  De  actione  Atropce  Belladonnas  in  I'ridein.  Trujecti 
ad  Rhenmn,  18o3,  and  in  Ncderl.  Lancet,  III.  p.  433,  From  these  investiga- 
tions, made  under  my  direction  and  with  my  assistance,  upon  the  iris  and 
belkdonna,  I  have  borrowed,  when  I  use  the  plural  "  we,"  and  quote  the 
dlsmtttion. 

X  Mayo,  AmUmUdiandPkymologieiU  CbmsMiitorwf,  ITo.  II.  4to.  loodoo, 
182a  S  Die  MuMirrUabOm,  MOnoheD,  1850. 

n  CompUM  rwMiiit,  T.  zzxv.  p.  661. 
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^yest  was  equal.  The  upper  jaw^  alone  mth  the  ejfes,  was  taken  out 
o£  aome  frogs,  one  eye  waa  exposed  to  the  lights  while  the  other  was 
covered  with  a  closely-folded  piece  of  black  paper :  after  the  lapse 

of  lialf-an-lu)ur,  the  pupil  turned  to  the  light  was  narrow,  the  other 
was  wide.  But  the  latter  also  contracted  almost  immediately  after 
"tile  removal  of  the  paper.* 

When  light  Mia  upon  one  side,  the  pupil  contracts  on  both  sides : 
t,Iie  contraction  on  the  same  side  we  call  direct,  that  on  the  opposite 
side^  we  call  consen8iial.t   We  may  accoratelj  study  these  two, 
as  well  as  the  aocommodatiTe  (Listing),  by  ourselves,  after  the 
entoptio  melliod  (compare  p.  197).   A  small  opening  in  an  opaque 
X»late^  held  at  about  6"  from  the  eye^  and  tum^  towards  the  lights 
j^ives,  in  the  vitreous  humour  a  bundle  of  nearly  parallel  rays,  of  the 
size  of  the  pupil,  and  is  therefore  seen  as  a  round,  ilhiminated  disc, 
'whose  diameter  increases  and  diminishes  with  that  of  the  pupil.  If 
l>oth  eyes  had  been  closed,  and  if  one  be  now  opened,  the  pupil  is 
seen  almost  immediately  to  contract,  and  then  slowly  and  vibratingly 
to  dilate  again :  the  little  light  entering  the  eye  through  the  opening 
ia  sufficient  to  excite  strong  contraction.  The  consensual  contraction, 
on  the  contrary,  according  to  Listing,^  does  not  begin  untQ  {  second 
after  the  opening  of  the  other  eye,  lasts  abont  |  second,  after  which 
the  pupil  again  dilates  slowly  and  vibratingly  for  some  seconds.  The 
consensual  (Hlatation,  he  observed  to  commence  about  J  second  after 
the  closing  of  the  other  eye,  and  with  diminishing  rapidity  to  con- 
tinue for  one  or  two  seconds.    This  last  continues  in  my  eyes  con- 
siderably longer.  §    The  whole  course  of  consensual  contraction  and 
dibtation  (opening  of  the  left  eye^  contraction  of  the  rights  closing 
of  the  left,  dilatation  of  the  right),  which,  with  Listing;  lasts 
I  ^.  >  +  i  +  1  to  2  =  2*1  to  8*1  seconds,  with  me  occurs  ten 
times  in  the  nunute,  and  therefore  lasts  six  seconds.    The  dif- 

*  Further  mvestigatioiiB  on  this  snhjeot  hare  been  instttated  by  Xnyper 
(I  c.)>  H.  Miiller  ( Wiirzh.  Abhandluru/en,  z.  p.  L.),  and  eepooially  by  Brown- 
Bequard  {Journal  de  pHjfiiologit  de  Vhommt  ti  de$  ammamXf  1800,  T.  ii. 

pp.  281  et451). 

t  When,  in  the  absence  of  the  direct,  consensual  contraction  ia  present  in 
one  eye,  we  are  justified  in  iuferring  the  existence  of  blindness  in  that  eye. 
If  both  are  present,  or  both  are  wanting,  no  certain  conclusion  is  to  be 
drawn  as  to  the  power  of  vision.  Compare,  with  res|K;ct  to  thifl  last,  Mao- 
keniie,  The  Physu>lu(fy  of  Vision,  London,  1841,  p.  198. 

\  Beitray  zur  physiolinjischen  Ojjtik,  Gottingen,  1845. 

§  Conf.  Netierlandsch  Lancet,  2'  Serie,  1846,  D.  ii.  p.  442. 
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ference  has  reference  especially  to  the  duration  of  the  oocse&. 
sual  dilatation,  \vli(tse  inaxiiniim  it  is  difficult  exactly  to  deternQjit 
— In  these  experiments  the  closing  must,  for  more  thaa  oue  Ka«B, 
be  effected  onlj  by  holding  a  screen  before  the  eye,  , 

The  accommodative  movement  is,  as  well  as  the  aecommodalios 
itself,  to  be  considered  voluntary.  It  is  true,  we  oontract  omr  fmfi, 
without  being  consdovis  of  the  oontoctiou  of  muscular  fibtei^  ht 
this  holds  good  for  eveiy  voluntary  movement  When  m  pcaoi 
raises  the  tone  of  his  voice,  he  is  not  cofnscioiis  that  bj  moseafar 
contraction  he  makes  his  chordae  vocales  more  tense;  lie  attamalii 
object  without  being  aware  of  the  means  by  which  he  docs  so.  Hk 
same  is  a})|)licable  to  accommodatiou  for  near  objects,  aud  to  tLe 
contraction  of  the  pupil  accompanying  it  The  fact  that  this  last  ii 
only  an  associated  movement,  does  not  deprive  it  of  its  volwitaii 
chmeter^  for  there  is  perhaps  no  single  muscle  which  can  oootiad 
entirely  by  itself. 

E.  H.  Weber*  has  discussed  the  question,  whether  the  confractioi  I 
of  the  pupil  is  associated  with  the  convergence  of  the  visual  lines,  or 
with  the  accommodation.    From  his  experimental  of  seeing  acutek 
the  same  object,  alternately  through  concave  and  tlirough  convex 
glasses,  be  came  to  the  conclusion  that  the  pupil  neither  contracts 
nor  dilates  without  change  of  convergence.   Cramer  t  repeated  tbe!« 
experiments,  but  without  taking  sufficient  care  that  vision  took  place 
through  the  axes  of  the  j^assea,  so  that,  on  removing  the  latter^  som 
change  of  oonvergenee  was  readily  produced.   Neverthdess,  in  ny  , 
experiments  with  Dr.  de  Buiter,  I  came  to  the  same  condii* 
sion  as  Cramer,  namely,  that  tension  of  accommodation,  even  < 
without  increase  of  convergence,  is  attended  with  contraction  of  the  , 
pnpil.    Now,  on  repeating  the  experiments,  also  without  the  use  of 
glasses,  and  being  able,  the  ffxatiou  of  the  same  point  remaining  ^ 
unchanged,  to  put  my  accommodation  alternately  more  and  ieas 
upon  the  stretch,  I  find  that,  especially  in  looking  at  a  remote 
object,  each  stronger  tension  is  combined  with  oontractioa  of  the 
pupil.   These  experiments,  in  which  the  contraction  of  the  pupQ 
presents  so  oompletdy  the  voluntary  character,  are  still  more  un- 
assailable than  those  with  glasses,  in  which  the  change  of  the 
intensity  of  light  is  not  altogether  avoidable. — Tiiat  increased  con- 
vergence of  the  visual  lines  without  change  of  accommodation  also 
makes  the  })upil  to  contract,  is  easily  proved  by  simple  eq^enmests 
with  prismatic  glasses.  ' 

•  /.  c,  p.  12. 

t  Mei  aecommodaiig-'Vermojfen  der  oojfen,   Haarlem,  18ff3»  p.  115.  I 
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Listing  ol>9er7ed  that  the  acoommodative  contraction  of  the  pupil 
takes  place  almost  contemporaneously  with  the  will,  just  as  is  the 
case  in  movements  of  ordinary  muscles.  It  is,  however,  easv  to  show 
that^  even  if  contraction  and  extension  commence  almost  simultane- 
ously with  the  will,  they  hj  no  means  take  place  with  the  rapiditj 
^hich  is  peonliar  to  Tdontaij  muscles.  Bj  alternating  the  aocommo- 
datkm  for  a  remote  and  a  near  object,  I  cannot  rdimtarfly  strongly 
ooBtimct  and  dflate  the  pupil  moie  than  thirty  times  in  the  miniite. 

§44.  The  Ciluat  System  astd  its  Function. 

We  have  already  shown  that  accommodation  is  dependent  on 
muscular  action  in  the  eye.  In  this  organ  there  are  no  other 
muscles  than  those  of  the  iris  and  the  ciliary  muscle^  which  have 
been  described  at  p.  23.  Now,  accommodation  is  produced  by  the 
dHary  mnsde,  probably  even  ezelufliTely  bj  this  miude  (compare  p. 
26).  But  the  moyeroents  of  the  iris  are  associated  with  the  aocom* 
modation;  they  are  governed  by  the  same  nenres  as  the  latter; 
even  a  direct  relation  cannot  be  considered  impossible,  so  long  as  the 
mechanism  of  accommodation  has  not  been  clearly  elucidated  ;  if  we 
add  that  the  disturbances  of  accorniviodation  are  most  distinctly 
rerealed  in  deviation  of  the  moYemeuts  of  the  iris,  it  will  certainly  be 
allowable  to  treat  in  common  of  the  nerves  of  the  iris  and  of  the 
ciliary  mnsde. 

The  parts  enumerated  derive  their  nenres  from  the  dliaiy,  also 
called  the  ophthalmic,  ganglion.  This  ganglion  gives  off  £rom  10  to  16 
minute  branches,  the  ciliary  nerves,  which  perforate  the  aderotic,  not 

far  from  the  optic  nerve,  and  proceeding  straitjht  forwards  between 
the  s<  lerotic  and  the  chonoidea,  reach  the  ciliary  muscle  and  the 
iris,  and  give  some  tilaments  to  the  cornea.  One  or  two  ciliary 
branches  come  directly  from  the  naso-ciliary  nerve,  perforate,  as  well 
as  the  others^  the  wdmAac,  and,  aocoiding  to  Bernard's  statement,* 
finally  pass  into  the  conjunctiva  and  the  iris,  but  not  into  the  comea : 
their  origin  indicates  that  they  act  chiefly  as  nerves  of  sensation. — ^Into 
the  dfiary  ganglion  three  ao-oalled  roots  enter:  the  short  root  from  the 
oculo-motor  nerve,  the  long  root  (often  existing  doublet)  from  the  naso- 
cihary  nerve;  and,  lastly,  a  branch,  derived  from  the  sympathetic  nerve 

•  Bernard,  Lemons  nur  ImphjftMogm  H  la  ftUholoffie  da  tjfaUme  narveux,  _ 

Paris,  1858,  T.  ii.  p.  H6.  .^^'"'^Hril 

t  Conf.  Hyrtl.  Berichtiyitrujen  iiber  das  Ciliars^Uem  des    i  iiriirHih|r^ 
AtigeM,  in  Med,  Jahrb,  OesUrr.  B.  zxviiL  s.  1. 
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in  the  neek.   In  the  cfliary  ganglion  numerous  ganglionic  cdUs  are 
met  witli.    AVhat  the  c  onnexion  is  between  the  three  kinds  of  nerre- 
fibres  enumerated  and  thc.^e  gani?lioiiic  cells,  has  not  been  ascertaineai, 
nor  whctlier  fresh  nerve-tibres  here  have  their  origin,  joining  the 
ciliary  nerves.    All  the  ciliary  nerves,  the  commeQcemt  iit  of 
whose  course  we  have  already  described,  divide  in  the  Urst  in- 
fltanoe  near  at  hand  and  further  up  the  outer  sur&ce  of  the  ciliary 
muscle  into  two,  and  afterwards  into  more  numerous  fanndiesiy  whidi 
form  a  rich  plexus  (orAidilM  eiUarit  of  W.  Krause),  whence  many 
little  fasciculi  penetrate  into  the  eOiary  musde.   I  examined  tbem 
in  1853,  with  Dr.  de  Ruiter,  in  white  rabbits,  and  as  the  result  of 
that  investigation,  the  following  was  noted  :*  "  Many  branches  pro- 
ceed, after  having  formed  a  plexus  on  the  ciliary  muscle,  to  the  |>eri- 
phery  of  the  iris,  and  there  again  form,  near  the  margin  of  the  latter, 
a  plexus  of  tolerably  large  branches,  whence  smaller  branches  take 
their  origin  and  establish  a  third  plexus  of  the  iris,  in  that  part 
where  the  muscular  fibres  are  observed  to  run  a  circular  ooinse. 
The  nerve-tubes  belong  for  the  most  part  to  the  slighter  kind,  be- 
come by  ramification  still  slighter,  have  a  very  long  isolated  course 
through  tlie  iris,  which  is  particularly  true  of  the  thicker  nerve-tubes, 
and  in  their  progress  form  many  loops,  from  whose  extremities  new 
fibres  again  arise  by  division,  which  again  form  loops,  not,  however, 
to  be  considered  as  terminal  loops,  as  we  can  often  observe  further 
ramifications  of  the  tubes,  which,  after  having  lost  the  medullaij 
sheaths^  in  many  places  terminate  in  an  invisible  manner."   This  re- 
sult has  been  confirmed  by  subsequent  investigalors.  I  have  now,  in 
reference  to  the  nerve-fibres,  nothing  essential  to  add.  In  the  mean- 
time, in  the  peripheral  distribution  of  different  nerves,  especially  in 
those  of  the  involuntary  muscles,  ganghonic  cells  are  found,  and  this 
is  true  also  of  the  ciliary  nerves.    Kut  only  have  they  been  demon- 
strated by  H.  Miiller  and  Schweigger  (compare  p.  381),  and  recently 
also  by  Saemisch,t  in  the  chorioidea,  where,  too,  the  muscular  fibres 
are  not  wholly  wanting,  but  also  particidarly  by  H.  Miiller,J  in  the 
orbiculuB  ciliuis,  where  C.  Krause§  already  mentions  them.  Miiller 
saw,  in  the  ramifications  of  the  fint  and  second  order  of  the  ciliaiy 
nerves  in  the  ciliary  muscle,  some  beautiful  and  distinct  cells,  some- 

*  Nederlantkek  Lancet,  D.  iii.  p.  436. 

t  Beitriige  stir  normahn  und pathoiogitehen  Anatomie  des  Auges^  Leipzig, 
1862.    PI.  II.  Figs.  2  and  W.  J   Wiirzb.  AhhandL  X.  p.  10& 

I  C.  KrauM,  Handbuch  der  Anatomie,  2*  Aufl.  B.  i.  p.  626. 
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times  witli  two  or  tliree  efferent  branches,  whose  transition  into 
ncrre-fibres  with  medullary  sheaths  was  not,  however,  with  certainty  re- 
cognised. He  thinks,  nevertheless,  that  they  may  be  regarded  as  gang- 
lionic cells.    This  discover}-  was  confirmed  by  W.  Krause*  in  all  its 
parts.   Moreover,  Miillcr  (/.  c.)  found  even  in  the  finest  nerve-bundles 
of  the  ciliary  muscle,  where  the  pzimitiYe  fibres  also  ramify,  little  tbick- 
emngs  of  the  fibres^  in  whioh  a  small  round  or  oval  body  was  to  be 
seen,  presenting  the  appearance  of  a  bipolar  ganglionic  odl.  While 
Midler  remains  in  donbt  as  to  the  nature  of  these  ooipnscles,  W. 
Kranse  (/.  e.),  who  fonnd  them  constantly  present  in  twelye  subjects, 
thinks  they  must  be  regarded  as  genuine  ganglionic  cells,  although 
he  agrees  that  they  are  not  connected  with  the  axes  of  the  fibres. 
It  is  not  improbable  that,  in  connexion  with  the  ciliary  nerves,  still 
more  of  these  groups  of  ganglionic  oella  will  be  found  in  the  eye. 

After  this  brief  anatomical  eiposHaon,  we  may  now  proceed  to  the 
consideration  of  the  function  of  the  ciliary  system.  Except  the 
above-mentioned  one  or  two  ciliary  nerves  of  separate  origin,  all  the 
branches  destined  for  the  iris  and  for  the  ciliary  muscle  proceed  from 
the  ciliary  ganglion.  In  this  ganglion  consequently  the  function  is 
comprised.  The  question  is  tlicrcfore,  properly,  what  influence  each 
of  the  three  nerves  exercises  on  the  ganglion,  and  what  conditions  of 
the  internal  muscles  of  the  eye  correspond  to  the  conditions  of  the 
ganglion.  On  this  subject,  however,  nothing  can  with  certainty  be 
said,  and  we  can  at  present  investigate  only  the  influence  of  the  roots 
of  the  ganglion,  as  this  manifests  itself  iniitirectly  upon  the  muscles. 

Tke  action  of  ike  oeulo-motar  nerve  upon  the  sphincter  of  the  pupil 
is  established  beyond  donbt.  Not  only  is  the  pupil  dilated  and 
immovable  in  paralysis  of  this  nerve,  but  on  irritating  the  nerve  in 
the  base  of  the  brain  in  animals,  we  see  it  stronc^ly  contract.  If 
Volkmann  andE.  Weber  had,  in  opposition  to  previous  investigations, 
seen  dilatation  produced  by  irritation.  Budget  showed  that  this  was 
to  he  ascribed  to  simultaneous  irritation  of  the  sympathetiQ  branch 
runmng  in  the  nei^bonrhood,  and  retaining  its  irritability  longer,  and 
Nnhn,t  who  in  a  decapitated  criminal  had  likewise  seen  dilatation, 
recognised,  after  experiments  on  different  animals,  the  same  source  of 
error  as  Budge  had  indicated.  In  the  beheaded  man  also,  contraction 

•  Anatomische  Untersuchungen,  Hannover,  18G1,  p.  91. 
t  Archivf.  phjswl.  HcUkumIe,  18r)3,  B.  xi.  p.  780. 
:  ZnUchrift/nUioneUe  Medkin,     F.  1853,  B.  iii. 
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of  the  pupil  on  irritatioii  of  the  nenre  in  question  was  subsequentij 
seen.^  Most  decisive^  however^  are  the  cases  of  complete  pu»- 
lysis^  becaose  they  show  that  this  nerve  is  the  condition  sine  qud  worn, 
both  for  reflex  and  acoommodatiTe  movement  of  the  papfl»  and  for  the 
accommodation  itself :  no  trace  thereof  remains^  when  its  paralysis  is 
complete.  If  other  nerves  also  have  influence  upon  the  sphincter  of 
the  pupil  and  the  cihary  muscle,  they  have  it  only  by  the  iuterveiition 
of  the  oculo-niotor  nerve.  Nor  are  these  positive  facts  shiikeu  by  the 
negative  results  of  the  investigations  of  Bernard,t  who  saw  no  change 
take  place  in  the  diameter  of  the  pupil^  either  upon  dividing  the  oculo- 
motor nerve,  or  upon  irritating  its  peripheral  portion,  in  rabbits. — 
No  other  disturbuioes  than  those  above-mentioned  take  place  on  ini- 
tating  the  oculo-motor  nerve.  The  only  fact  which  exhibits  the  in- 
fluence of  the  intervening  ganglion,  is  the  comparative  slowness  of 
the  contraction  of  the  pupil. — Whether  the  oculo-motor  nerve 
sends  also  some  sensory  iilamcutii  to  the  internal  eye^  cannot  be 
ascertained. 

Tke  injluence  of  the  sympathetic  nerve  upon  lAe  pupil^sadiacoveied 
even  before  1727,  by  Petit :%  after  dividing  the  nervus  vagus  he 
fonnd  the  pupil  smaller.  That  Petit  had  correctly  ascribed  this  phe- 
nomenon to  Uie  division  of  the  sympathetic  nerve,  whichy  in  many 
animals,  is  in  the  neck  united  with  the  nervus  vagus,  was  proved 
by  Dupuy,§  who  observed  the  same  phenomenon  alter  extirpation 
of  the  first  (ganglion,  nie  accuracy  of  the  fact  was  still  further  de- 
monstrated by  the  careful  experiments  of  lieid.||  Budge  and  Waller^ 
have  the  merit  of  having  shown,  that  the  tilaments  of  the  sympathetic 
nerve  acting  on  the  pupil  arise  from  the  spinal  cord,  and  pass  into 
the  anterior  roots  of  the  two  inferior  cervical,  and  the  six  superior 
dorsal,  nerves.  In  frogs  and  rabbits  the  contraction  consequent  on 
division  of  the  nerve  is  slight  (and  in  the  last  it  is  certainly  not  greater 

■  By  Budge  and  Waller  {Archiv  f.  pJit/swI.  Iletlk.  B.  xi.  p.  775),  and  by 
Duval,  Rochart  and  Petit  {Gazette  medicale  dc  Paris,  1852,  p.  -157). 

t  Leptnit  tiiir  hi  physioUxjie  et  la  pathoiojfie  du  systeme  nerveux,  Pani, 
1858,  t.  ii.  pp.  207  and  209. 

I  M^moire  dans  leqiiel  il  est  demoutre,  qae  les  nerfs  intercoataux  four- 
nisseut  des  rameaux  qui  se  portent  des  espriU  duub  les  yeux,  in  Mutoire  de 
rAcadhnie  royale  det  teieneeif  Ann^  1727. 

{  Journal  de  mideeuUf  dB  Mrurgie^  etc.  1816,  T.  xxxvii.  p.  340. 

U  Edmbwrgh  M<tdieal mtd Surgical  Joarmalf  August*  1839;  and  PAyno- 
logical  and  Pathological  SaeareJUt,  Edmlmrgh,  1841,  p.  201. 

^  Comptoi  renduOf  1852,  tomes  julzIv.,  zxxv.,  in  different  places. 
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when  the  first  ganghon  also  is  extirpated),  in  dogs  it  is  very  consider- 
able; but  the  dilatation  on  icritatiou  of  the  s\  inpatlietic  nerve  of  the 
neck^  which,  though  it  does  not  directlj.  follow,  rapidly  attains  its 
maximom,  is  still  the  most  striking  phenomenon. — ^The  difference  of 
the  two  pupik  after  division  of  the  nenre  is  greatest  wlule  the  ejes 
are  exposed  only  to  faint  light :  where  there  is  a  strong  aetion  <tf  the 
sphincter  mnsck^  the  resistance  even  of  the  undiminished  action  of 
the  radiating  fibres,  at  least  in  rabbits,  is  almost  annihilated.  The 
difference  in  magnitude  is,  however,  perinanent ;  at  least  we  have 
seen  it  continue  in  dogs  and  rabbits  longer  than  six  months ;  Budge 
has  observed  it  even  for  a  year. — Budge  and  Waller  showed^  that 
after  division  el  the  nervus  vagos  and  of  the  sympathetic  in  the 
nedc,  in  connexion  with  the  difference  in  origin,  of  the  former  the 
inferior  pait,  of  the  latter  the  superior,  pass  into  degeneration  (fetty 
metamorphosis).   We  have  confirmed  this  in  many  cases,  hnt  in  tl» 
first  ganglion  itself,  and  in  the  efferent  fasciculi,  whose  number  seems 
far  to  exceed  that  of  the  afferent,  no  change  was  met  with.  Irritation 
of  the  ganglion  then  also  still  produces  dilatation  of  the  pupil  after  the 
lapse  of  many  weeks.    If  the  first  ganglion  itself  is  extirpated,  the 
efferent  bundles  too  pass  into  a  state  of  degeneration,  but  then  also 
the  ciliary  nerves  continue  unchanged  even  into  the  iria^  where  we  ex- 
amined them  many  weeks  after  extirpation  of  the  ganghon,  whicdi  is 
most  probably  due  to  the  influence  <d  the  eiliary  gangUon.  Thus, 
too,  it  18  intelligible^  that  the  extirpation  of  the  first  ganglion  is  not 
followed  by  more  contraction,  than  the  division  of  the  nerve  below 
the  ganglion. 

The  foregoing  shows  that  the  action  of  the  sympathetic  root  con- 
sists in  a  ]jersistent  exaltation  of  the  tone  of  the  radiating  fibres. 
Thus  the  diUtator  pupilhe  is  with  constant  force  the  antagonist  of  the 
sphincter  muscle.  The  action  of  the  sphincter  changes,  as  we  have 
seen,  both  with  the  incidence  of  light  and  with  accommodation ;  but 
if  the  sphincter  is  paralysed,  the  pupil  is  immovable.  Meanwhile  we 
may  assume  that,  just  as  for  the  vaso- motor  nerves,  the  tonic  action 
in  the  dilatator  muscle  mav,  under  certain  still  imknown  cireum- 
stances  (irritation  of  tiie  fifth  pair?)  somewhat  fall  and  rise. — It  has, 
indeed,  hypothetically  been  assumed  that  the  sympathetic  nerve 
acts  also  upon  the  accommodation.  Though  it  might  appear  some- 
what rash  absolutely  to  deny  an  influence,  for  which  the  analogy  of 
the  iris  may  be  appealed  to,  yet  we  find  that  it  is  supported  bj 

no  &ct  whatever.   We  axe  acquainted  with  no  musde  capable  ci 
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to  admit  the  existence  of  aedve  nccommodation  for  distoiiee  (com- 
pm  p.  20).  On  the  other  hand^  the  actioii  of  the  sjmpathetic 
bnndi  on  the  tone  of  the  blood-TOBde  is  fiilly  established.  It  is 
known  that  diyisbn  of  the  sympathetic  nerve  in  the  nedc  is  followed 

by  considerable  dilatation  of  the  vessels  of  the  head,  most  distincdj 
observable  in  the  ears  of  rabbits,  while  irritation  of  that  nerve  is 
attended  with  contraction  of  the  same  vessel'*  (Bernard) .  With  Dr. 
van  der  Beke  Callenfels,*  I  showed  that  the  vessels  of  the  ])ia  njattr 
are  governed  by  the  same  nerve ;  and  I  subsequently  satisfied  mjsei^ 
with  Dr.  Kayper^t  that  the  vessels  of  the  iris  also  contract  on  irrita- 
tion of  the  sympathetic  nerve^  even  when  they  are  distended  under  die 
infloenoe  of  the  instillation  of  digitaHne  or  inconsequence  of  discdiaige 
of  the  aqneons  humour,  or,  as  I  reoentfy  found  in  conjunction  with  llr. 
Hamer,  when  after  the  action  of  the  Calabar  bean,  the  same  irrita- 
tion scarcely  makes  the  pupil  ddate.  This  last  confirms  luy  opinion, 
that  this  contraction  of  the  vessels  cannot  be  the  mechanical 
result  of  dilatation  of  the  pupil,  but  that  it  occurs  independeutlj. 
Eormerly,  indeed,  I  was  inclined  to  attribute  the  dilatation  of  the 
pupil  attendant  on  irritation  of  the  sympathetic  nerve  to  the  con- 
traction of  the  vessels^  as  I  supposed  that  the  diminution  of  blood 
in  the  iris  would  at  the  same  time  lessen  the  contraction  of  the 
sphincter  muscle.  The  phenomenon  is,  however,  equally  evident^ 
when  the  circulation  of  the  blood  has  already  ceased,  and  the  dilata- 
tion is  moreover,  too  considerable,  to  be  explaineil  by  the  contraction 
of  the  vessels.  We  must,  therefore,  take  refuge  in  contraction  of 
the  radiating  fibres  of  the  iris,  which,  as  they  are  in  some  ft"inr|^|<| 
highly  developed,  can  with  certainty  be  demonstrated. 

The  influence  of  the  nervus  trigeminus  upon  the  iris  and  upon  the 
accommodation  is  still  doubtful.  By  exclusion  we  may  assume  that 
this  nerve  gives  sensation  to  the  iris;  for  neither  the  oculo-motor 
nor  the  sympathetic  possesses  sensitive  filaments  by  which  the  great 
sensibility  of  the  iris  might  be  explained.  Moreover,  sensation 
ceases  when  the  ner\'us  triireminus  is  divided.  The  tliiliculty  lies  in 
the  determination  of  tlie  influence  of  the  nerviis  trigeminus  upon  the 
motion  of  the  iris.  It  has  been  found  experimentally  that  irritation 
of  the  trunk  of  the  fifth  pair,  as  well  as  of  its  ophthalmic  division 

•  NedtrUmdteh  Lancet,  1855,  D.  iv.  p.  689. 

t  (Menoekinffm  oner  de  kuneUnai^e  veno^dmg  van  den  oogappel,  Din. 
naug.  1859. 
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(the  nervus  ophthalmicus  Willisii)  causes  the  pupil  to  contract, 
^ow  we  are  acquainted  with  no  other  contractions  of  the  pupil 
than  those  produced  by  the  reflex  action  of  hght,  and  by  accommo- 
dation,  and  these  both  wholly  disappear  on  paralysis  of  the  oculo- 
motor nerve.  The  existence  of  a  direct  influence  of  the  fifth  pair  upon 
the  sphincter  of  the  pnpil  (through  motor-fihunents)  is  thetefoie 
improbahle.   We  are  consequently  led  to  assume  that  stimulation  of 
the  nenms  trigeminus  acts,  both  in  its  trunk  and  in  its  hnnches,  upon 
the  eiliary  ganglion,  so  as  there  either  to  increase  the  action  of  the 
tibrt'^  of  the  oculo-motor,  or  to  diminish  that  of  the  sympathetic  nerve. 
The  influence  still  takes  place,  if  the  sympathetic  and  oculo-motor 
nerves  have  previously  been  divided.  This  is,  however,  by  no  means 
strange, since  Uie  ciliary  ganglion  and  the  internal  nervous  system  of 
the  eje  continue  permanently  normal  after  the  sections  alluded  to, 
as  is  proved,  wiUi  respect  to  the  latter,  by  the  unaltered  action  of 
atfopia  and  of  the  Calahar  bean  dropped  into  the  eye. 

The  mechanism,  whereby  the  nenrus  trigeminus  acts  upon  the 
cifiary  ganglion  is,  however,  rather  obscure.  Since  this  influence, 
as  we  have  seen,  continues  after  division  of  the  oculo-motor  and 
sympathetic  nerves,  it  must  be  capable  of  taking  place  without 
reflexion  in  the  central  organs.  Indeed,  we  can,  from  the  fact  that 
on  stimulation  of  a  nerve  the  change  of  the  electrical  condition  is 
continued  in  both  directions,  very  well  comprehend  the  direct  influence 
of  a  stimulus,  without  assuming  in  the  nervus  trigeminus  the  existence 
of  fibres!,  whose  ordinaiy  function  should  be  centrifugal  conduction 
towards  the  cOiary  ganglion.  But  if  such  exist  (in  the  nervus 
laehrymalis  centrifogally  conducting  fibres  are  undoubtedly  present), 
the  contraction  of  the  pupil  which  occurs  in  an  irritated  state  of  the 
peripheral  sensitive  filaments  of  the  eye,  might  be  explained  by  reflex 
action,  upon  those  eeiitrifugally  conducting  fibres,  in  the  Gasserian 
gangUon.  At  any  rate,  in  an  irritated  condition  of  the  cornea,  to 
which  the  dliaiy  nerves  are  distributed,  reflex  action  even  in  the 
ciliary  ganglion  may  be  assumed  horn  analogy,  as,  with  reference 
to  the  secretion  of  saliva.,  reflex  action  through  the  aubmaxilkry 
ganglion  has  been  demonstrated  by  Bernard. 

The  pruMtpal  azpsrimentB  on  which  the  above  view  of  the  aetioii  ni  Uie 
nsrvus  trigeminus  upon  the  iris  ia  baaed,  are  the  following : — 

a.  After  division  of  the  n.  trigeminus  at  the  base  of  the  skull,  the  pupil 
contracts  in  rabbits  (in  dogs  ?) ;  but  this  contraction  often  does  not  occur 
be£oce  tha  lapse  of  ■oma  minatea»  and  in  a  few  days  or  hours  for  the  most 
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part  disappears  af^ain  (Longet,  Budge).  The  same  is  true  of  frog^  (Bodge): 
also  on  division  uf  the  half  of  the  medulla  oblongata  (Joh.  MaeUer). 

b.  On  merelj  oomprening  the  aemu  ophthalmieiH  Wfllidi,  Bodge  aai 
Waller  obserred  mntraetioii  of  the  pupiL  Bernard  obeerred  -tlie  mum  oIIw 
diTisum  of  tbii  nerre.  The  nobility  of  the  pupil  on  the  UHrideMe  oC  li^ 
ia  not  impaired  in  tint  experimeiiti  and  if  no  inHawnnafion  of  tbe  «j«  esp 
•oea,  the  diameCeta  of  the  two  pnptla  are  aoon  again  nearly  equaL 

e.  If  the  ooalo-motor  nerve  be  previously  divided  (Budge),  or  torn  ant 
(Bernnrd),  contraotion  of  the  pupil  nevertheleM  eosnea,  on  diviuoo  of  the  n. 

trip»*rninti^^. 

d.  Jlernard  </.  r.  T.  II.  p  90)  tore  the  oculo-inotor  nerve  at  one  side, 
whereupon  the  pupil  became  dihitcd,  ao(}uir(.d,  however,  the  same  dilatation 
on  both  sides  upon  the  instillation  of  extract  of  belladonna,  and  6ub&c-qu«itlj, 
upon  dividing  the  n.  trigeminus  on  the  same  side  on  which  the  oculo-mot*jr 
aorre  waa  torn,  he  law  the  pupil  eontraet 

a.  Inayonng  rabbit  he  divided  the  optie  nerte,  and  dl  tiie  motor  Bcrm 
of  the  eye;  oven  then  atimnlatton  of  the  filth  pair  prodneed  oootmAtifla  of 
thepnf^ 

/.  In  another  animal  the  Brat  ganglion  of  4he  sympathetic  nerve  vaa 
removed,  whereupon  the  pupil  became  smalls  with  long  vertical  diameter; 
the  nernu  trigeminua  haTing  been  thMi  divided^  the  popil  beeame  roond, 
while  the  contraction  increased. 

In  all  that  I  had  seen  and  road  respecting  the  influence  of  division  of  the 
a.  trif^eminus,  the  doubt  had  occurred  to  me,  whether  this  section  did  n'  t 
act  upon  the  pupil  principally  in  consequence  of  the  filament*  of  the  s\  nijvi- 
thetic  lurve  hi  ing  at  the  same  time  divided,  which  filaments,  according  to 
Budge,  reach  the  ciliary,  through  tlie  Gasserian  ganglion.    1  therefore  de- 
termined, in  concert  with  Dr.  P.  0.  Brondgeest,  my  assistant  in  the  physio- 
legioal  laboratory,  to  nalce  aome  experimenti  upon  llie  soAleet*  la  mbbiti 
the  sympathetio  nerve  waa  expoeed  on  one  side  of  the  neek,  and  waa  veij 
gently  atimulated  in  a  moment  {with  the  aid  of  the  galvanie  apparatni  of 
dn  Boia-Beymond)  in  order  to  aaoertain  that  the  expoeed  nerve  aeted  on 
the  pupil;  thereupon  the  skin  waa  again  closed  with  ««rre« Jinet^  and  the 
trigeminus  waa  divided  on  the  tame  aide,  in  the  manner  indicated  by  Ber- 
nard.  If  annatheaia  of  the  eye  was  obtained  without  farther  general  dis- 
turbance, the  Bympathetio  nerve  was,  after  a  shorter  or  longer  interval, 
again  stimulated,  in  order  to  see  whether  it  had  maintained  its  influence 
upon  the  pupil.  The  experiment  succeeded  in  eleven  rabbits.  The  following 
results  were  obtained,  upon  the  bearing  of  which  I  need  not  further  dwell- 

1°.  Division  either  of  the  Gasserian  ganglion,  or  of  the  n.  oi)hthalmicu8 
Willisii  produces  constant  contraction  of  the  pupil,  with  longer  vcrticiU  dia- 
meter. Even  with  imperfect  amesthesia  of  the  surrounding  parts  of  the 
eye,  the  oontraetion  ia  still  present,  provided  the  oomea  be  inaensible. 

2*.  The  oontraetion  diminiahea  within  a  few  honra,  bnt  doee  not  disappesr, 
if  irritation  of  the  eye  ooours,  and  if  the  blood-vessela  of  the  iria  are  bighly 
distended.  The  pupil  then  sometimes  becomes  angular. 

3®.  The  contraction  gives  way  to  some  dilatation  when,  even  with  com- 
plete anaathesia,  the  eye  being  properly  proteeted,  the  state  of  irritstioo  ii 
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absent.  Br.  ftielleiL  {Dt  mvloed  der  umuoem  cp  d$  onitUHtrng^  ITtreoht, 
I  1857)  showed  that  tfa^  inilammatioii  which  is  known  to  ooonr  alter  divuioa 
I  of  the  nemis  trigeminus  it  the  resnlt  of  external  injuries,  whieh  are  not 

avoided  owing  to  the  existing  ansDsthesia,  and  that  it  oan  bo  prevented  by 

•  systematic  protection  from  all  external  injury. 

4®.  From  comparative  experiments  on  both  sides,  it  appeared  that  the 
contraction  is  much  greater  on  division  of  the  n.  trigeminus  than  on  that  of 
the  sympathetic  nerve  in  the  neck,  or  on  extirpation  of  the  first  jjanglion. 

5**.  The  tension  of  the  eyeball  remains  at  first  the  same,  sometimes  be- 
comes even  rather  greater,  while  the  pupil  ia  very  narrow,  u^d  the  iris  lies 
nssr  the  eomea.  The  tension,  however,  in  a  short  time,  regularly  dimi- 
Tilalioa,  and  indeed  In  the  hlgheet  degree,  when  the  eye  by  proper  proteotton 
vemsina  free  from  tnitation.  This  diminished  teniion  is  in  aeoordanee  with 
my  theory  off  glaoeoma,  as  being  originally  nenroais  of  the  nerves  of  seeretion. 

6*.  After  division  and  aoquiied  anaastheeia,  stimnlation  of  the  sympathetio 
nerve  produced,  in  seven  out  of  eleven  cases,  dilatation  of  the  pupil,  though 
in  a  much  slighter  degree  than  when  the  n.  trigeminus  is  not  divided.  In 
four  instances  the  dilatation  of  the  pupil  on  stimulation  of  the  sympathetic 
nerve  was  entirely  absent.  In  all  these  oases  the  cornea  was  completely 
insensible.  In  three  of  the  seven  cases,  in  which  dilatation  followed  stimu- 
lation of  the  sympatliftic  nerve,  there  was  sensibility  of  the  lower,  and  in 
one  there  was,  in  addition,  sensibility  of  the  upper,  eyelid ;  iu  the  three  other 
cases  there  was  no  sensibility. 

7^.  In  all  oases,  too,  where  the  pupil  oontinued  immovahle,  the  vessels  of 
the  ear  oontraeted  on  stimnlation  of  tiie  sympathetio  nerve»  showing  that  the 
nerve  was  sensitiva.  Before  the  division  of  the  trigeminna  it  was  seen,  that 
on  stimnlation  simnltaneons  dilatation  of  the  pupil  and  eontraotion  of  the 
vessels  of  the  ear  oeenned. 

8^.  After  division  Calabar  prodaoes  eontraotion,  atropia,  dilatation  of  the 
pupil, — the  latter  not  in  a  high  degrett 

9**.  Dissection  showed  that  in  general,  the  nervus  ophthalmicus  WiUisii 
had  been  divided  in  front  of  the  ganplion  ;  sometimes  also  the  second,  and 
partly  the  third  branch.  In  other  cases  the  Oasserian  ganj?lion  itself  was 
touched.  Il  did  not  account  satisfactorily  for  the  cases  in  which  little  or  no 
dilatation  of  the  pupil  occurred  on  stimulation  of  the  sympathetic  nerve. 
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CHAFTEB  XI. 

PAEALYSIS  AND  DEBILITY  OF  ACX;0MM0DATlO^'. 
•  §  45.  Mydriatics  and  th£I£  Action. 

A  ooMPABAnvs  examination  of  a  number  of  substances  and  of 
preparations  has  sliown,  that  the  most  useful  mydriatics  are  to  be 
found  among  the  Solaneae,  and  that  of  these  the  Atiopa  BelladcHuia  k, 
for  Tarioos  leaaonsp  to  be  preferred  to  all  others^  e?en  to  the  Datara 
Stramoniom  and  the  Hyosejamus  niger,*  Above  all,  where  ctruig 
action  is  not  required,  atropia  (soluble  in  450  parts  of  water] ^  and 
where  a  t^tronger  effect  is  indicated,  the  very  soluble  sulpliat<.'  uf 
atropia,  which  were  first  introduced  into  practice  in  England,  are  to  be 
recommended.    For  the  full  effect,  a  drop  of  a  solution  of  one  part 
of  sulphate  of  atropia  in  120  parts  of  water  (we  express  this  strength 
bj  1 : 120),  is  quite  sufficientf   The  internal  exhibition  of  the 
rented/  also,  with  which  it  is  neoessaiy  to  be  catitioQSy  prodnoes  mj- 

The  principal  phenomena  consequent  on  the  instillation  of  sulphate 
of  atropia,  are  :  1**,  increasing  dilatation,  followed  by  insensibility  of 
the  pupil ;  2^,  diminution,  and  soon  total  loss  of  accommodation. 

The  dilatation  of  the  pupil,  considerable  in  man  (especially  in 
youth),  the  dog,  and  the  cat,  is  less  so  in  the  rabbit,  slight  in  birds,  in 
whom  it  was  formerly  overlooked,  very  perceptible  in  frogs,  and  not 
at  all,  or  scarcely  so,  in  fishes.  After  the  instillation  of  1 : 120  the 
dilatation  b^ins  in  man  within  fifteen  minntesy  and  in  the  oouseof 

*  Compare  Kayperp  Onderzoekmgen  over  de  kumtmatige  vtrw^jdrngwam 

dmoogappel.  Diss,  inaug.  Utrecht,  1849. 

t  If  the  instillation  is  followed  in  the  course  of  an  hour  and  a-half  by 
pain  and  injection  of  the  vessels,  the  preparation  is  not  suitable,  aod  there 
then  arises,  on  its  repeated  em{)loyment,  a  peculiar  intiamniation,  described 
by  me  as  atropiuisra.  Even  when  suitable,  it  produces  in  some  persons, 
after  having  been  used  for  many  mouths,  a  similar  inflammation,  and  it 
must  then  be  altogether  laid  aside.  In  such  cases  other  mydi^atics  are  then 
sddom  homSb  ChsBdMl  reagents  were  not  dseinya  in  dbtinguishing  the 
iaapplioabla  sulphate  of  atropia.  Comparo  Eujper,  L  e. 
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from  twenty  to  twenty-five  minutes  attains  its  maximum,  with  ab- 
solute immobility.  The  younger  the  individual,  and  the  thinner  the 
cornea  is,  the  more  rapidly  does  the  action  occur.  In  frogs  and  in 
birds  the  dilatation  disappears  within  one  or  two  hours,  and  gives  place 
to  a  brief  contraction.  ITie  course  of  the  dilatation  in  man,  after 
the  instillation  of  1 : 120,  is  represented  by  the  line  ddoi  Fig.  166, 
with  the  return  to  the  normal  diameter  in  167.  On  the  absciss  a  a 
(Fig.  166)  the  minutes  are  indicated  after  the  instillation,  which 


Fig.  166. 


took  place  at  0,  the  lengths  of  the  ordinates  downwards  perpendicular 
to  a  a',  are  the  transverse  diameters  of  the  pupil,  to  be  read  off  in 
mm.  before  the  line.  The  pupil  was  always  accurately  measured  at 
short  intervals,  with  the  ophthalmometer,  with  perfectly  equal  illu- 
mination of  the  eye,  the  other  being  closed.  Fig.  167,  whose  absciss 
marks  in  days  the  total  duration  of  the  change  of  the  pupil,  in  like 
manner  gives  the  diameters  in  the  curve  under  aa.  The  diminution  of 
the  accommodation  commences  somewhat  later  than  the  dilatation  of 
the  pupil.  The  accommodation  gradually  returns  after  some  days, 
together  with  the  mobility  of  the  pupil.  Fig.  1 66  indicates  by  the 
curve  p p,  the  course  of  the  absolute  uearest  point ;  by  the  curve  r  r, 
tliat  of  the  farthest  point.  It  will  be  seen  that  the  latter  undergoes 
scarcely  any  change;  the  nearest  point,  on  the  contrary,  removes 
from  the  eye.    This  removal  commences  iu  from  twelve  to  eighteen 
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minutes  after  the  instillation,  is  in  twentv-six  minutes,  when  theiKLi- 
tation  is  already  nearly  complete,  still  little  remarkable ;  then  rapidlr, 


Tig.  167. 


and  subsequently  slowly,  proceeds,  and  attains  its  maximum  in  one 
hundred  and  three  minutes  after  the  instillation,  when  p  and  r  coin- 
cide and  the  accommodation  is  therefore  wholly  removed.  When, 
after  forty-two  hours,  the  pupil  is  somewhat  smaller,  a  slight  degree 
of  mobility  has  also  returned,  and,  at  the  same  time,  some  accommo- 
dation is  to  be  observed,  which  now  rather  rapidly  increases  until 
the  fourth  day,  but  is  not  perfect  until  after  the  lapse  of  eleven  days. 
The  observation  was  made  on  the  eye  of  my  assistant,  Mr.  Haraer, 
who  has  practised  himself  in  very  accurately  determining  his  absolute 
nearest  point  at  the  maximum  of  convergence,  while  one  eye  is  closed 
(compare  p.  117). — Besides  the  results  to  be  deduced  from  the 
figures,  we  have  still  to  remark  : — 

1°.  After  the  return  of  the  accommodation  with  the  third  and 
following  days,  the  relative  range  of  accommodation  has  a  position 
similar  to  what  it  occupies  in  myopes  :  with  moderate  convergence, 
only  a  very  small  fraction  of  the  existing  accommodation  can  be  ob- 
tained. Thus,  Mr.  Hamer,  on  the  sixth  day  found,  that,  while  with 
convergence  to  9"  of  his  eye  which  had  not  been  subjected  to  instil- 
lation, about  the  half  of  the  total  accommodation  came  into  play,  the 
eye  which  had  undergone  the  operation  attained  only  a  fifth  of  what 
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it  was  now  again  capable  of  at  the  maximum  of  conyergence.  2^ 

The  farthest  point  has  here,  with  a  slight  degree  of  M,  continued 
nearly  uiiaUcrcd.    Usually,  it  removes  somewhat  further  from  the 
eye.     If  there  exists  pernianmt  tension  of  accommodation,  such  as 
is  proper  to  IL,  and  not  unfrequently  occurs  iu  some  amblyopes,  as- 
tigmatics  and  in  young  mjopes,  this  gives  way  under  the  influence 
of  atiopi%  and  r  then  removes  to  a  much  greater  extent.   S°.  With 
tension  of  aocommodationy  objects  appear  to  become  smaller  (micro- 
pia) :  in  this  case  we  imagine  the  object  nearer,  and  as  the  visual 
angle  has  not  become  greater,  we  suppose  the  object  to  be  smaDer.* 
4°.  To  the  eye  whicli  Ims  undergone  instillation,  objects  appear 
much  more  strongly  illuminated,  especially  wheu  both  eyes  are  at 
the  same  time  open,  under  which  circumstances,  in  consequence  of 
consensual  redexion,  the  pupil  of  the  eye  not  subjected  to  instillation 
is  narrower  than  nsuaL   The  comparison  is  effected  by  looking  at  a 
bright  object  upon  a  darker  ground,  a  prismatic  glass,  with  the 
angle  outwards,  being  brought  before  one  of  the  eyes. 

The  loss  of  accommodation^  after  the  adion  of  atropia^  is  the 
more  troublesome,  because  the  pupil  is  so  extremely  wide,  which, 
even  in  slight  variation  of  accommodation,  produces  great  circles 
of  diffusion ;  therefore  for  each  distance  different  glasses  are  neces- 
sary for  acute  vision,  affording  scarcely  any  range.  The  disturbance, 
moreover,  differs  according  to  the  refraction  of  the  eye,  Emme- 
tropes  see  well  at  a  distance,  but  can  distinguish  nothing  near  with- 
out convex  glasses.  Myopes  complain  less,  because^  although 
th^  distant  vision  is  much  more  diffuse^  they  can  still  often  read, 
their  farthest  point  remaining  unaltered.  In  hypermetropes^  even  the 
slightest  action  of  the  mydriatic  produces  such  disturbance,  that 
without  convex  glasses  nothing  is  distinguished. — If  the  mydriatic 
have  been  dropped  into  only  one  eye,  the  disturbance  is  the  greater, 
because  the  defined  image  of  the  eye  not  operated  on  is  so  feebly 
illuminated,  compared  with  the  diffuse  image  of  the  other:  the 
mydriatic  eye  is  then  by  preference  closed.  In  atropia-mydriasis  of 
both  eyes  there  is  no  difficulty  in  using  convex  glasses. 

With  respect  to  the  action  of  fdeaker  wktHoHe  of  sulphate  of 
atropia.  Dr.  Kuyper  has  nude  some  investigations.  His  researches 
have  vielded  the  followinsr  results : — 

a.  The  solution  of  1 : 1800  produces  good  dilatation  within  30 

*  I  observed  this  phenomenon  first  in  myself,  and  gave  the  above  ezpla- 
satioa  of  it  in  Ned.  Lanoe^  1851*  D.  vi.  p.  607. 
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muniles;  tliit  attains  its  maximimij  with  complete  immoiuli^  oi  tk 
fmpOt  Mid  gonenilj  with  ahnoil  total  ■*!"'hj'ffy*ff  of  the  povcr^ 
aocomiDodatioiij  at  the  end  of  from  45  to  60  minutes.  80  eariy  « 
on  tho  follgwing  day^  some  mobility  hss  letamed.  On  the  tlM 
dsj,  no  inconvenient  disturbance  lemains,  although  two^  three,  0; 
more  days  hicr,  a  difference  in  the  diameters  of  the  pupils  is  atij 
perce})tible. 

d.  The  solution  of  1  :  2400  produces  dilatation  after  from  ii 
to  33  minutes;  this  attains  ahnost  the  maximnm  (diameter  »  6| 
mm.),  after  the  lapse  of  from  45  to  50  minutei^  withont  eom- 
plete  loss  of  mobiUtj  snd  accommodation;  after  55  wiinntc^ 
sometimes  no  mobiUtj  is  perceptible :  after  70  minntes!,  the  power  of 
accommodation  is  very  much  diminished^  but  by  no  means  removei 
Bven  in  a  few  boors  later,  the  dOatation  again  diminishes.  The 
following  day  it  is  still  distinctly  perceptible;  on  the  third  day  it  is 
slin^ht ;  it  ia  not  until  the  fourth  day  tliat  it  has  wholly  di^p- 
pea  red. 

c.  The  solution  of  It  9000  produces  dilatation  after  GO  minnto^ 
which  slowly  increases ;  after  the  lapse  of  90  minutes^  the  pnpd  it 
peiiectlj  dilated,  bat  is  not  immovable ;  the  power  of  accommodatioB 
is  hot  little  diminished*  The  following  day  the  pnpil  ia  vttj  moraUe, 
and  is  much  smaller.  On  the  third  day  there  is  no  trace  of  mydriask 

d.  The  sdntion  of  1 : 14,400  causes  commencing  dilatation,  sfter 
from  35  to  40  minutes;  in  from  two  to  four  hours  the  diameter 
of  the  pujjil  is  2  mm.  greater ;  after  the  lapse  of  seven  hours,  conimc- 
tion  has  again  taken  place,  and  on  the  following  day  no  trace  U 
mydriasis  is  perceptible. 

The  mode  of  action  of  mydriatios  I  have  investigated  ^rith  Dr.  de 
Waiter.  Independently  of  our  reseaicheSy  von  Qxaefe^  as  be  stated 
to  me  by  letter,  had  arrived  at  the  same  results.  Onr  experimcnti 
have  established  beyond  donbt  the  passage  of  atropia  into  the 
aqneotts  humour. 

a.  The  action  exhibits  itself  the  more  rapidly,  the  thinner  tiie 
cornea,  and  the  younger  the  animal  is.  Removal  of  the  outermost 
layers  of  the  cornea  hastens  the  action  (von  Graefe).  Wlicn  some 
dilatation  ensues  upon  inunction  above  the  eye,  a  trace  of  the  matter 
rubln  d  in  may  always  have  reached  the  organ.  On  strong  action 
in  the  wounded  skin  (in  dogs)  some  dilatation  (the  result  of  geneial 
action)  rapidly  sets  in  also  on  the  other  side,  The  apphcstiQii, 
confined  to  the  comei^  in  the  eyes  of  fiog^  after  eicuion  of  the 
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lieart»  after  decapitation^  after  removal  of  the  brain  and  spinal  cord, 
and  even  after  complete  isolation  of  the  ejes,  produces  distinct  dila* 
tation  within  a  few  minntes.  The  same  took  place  in  a  choppcd^fF 
calf's  liead,  and  in  recently  killed  rabbits*   e,  A  trace  of  an  extremely 

dilute  solution,  introduced  by  means  of  a  capillary  tnbc  into  the 
anterior  chamber  of  the  eye,  produced  dilatation  in  rabbits.  d» 
After  repeated  instillation  in  a  rabbit,  the  whole  eye  was  washed  out 
\vitli  a  broad  jet  of  water:  the  aqueous  humour  then  discharged, 
introduced  into  the  eye  of  a  dog,  and  long  kept  in  contact  with  it 
(von  Graefe  also  injected  it  into  the  chamber),  produced  considerable 
dilatation  of  the  pupil.    This  is  incontestable  the  et^penmeiUmm 
emeit.    The  quantity  which  penetrated  is,  however,  estiemelj  smaU, 
for  the  solution  of  1 1 120,000  kept  equally  long  in  oontaet  with 
the  cornea,  acted  still  more  strongly.    On  internal  administration 
and  consequent  mydriasis,  the  evacuated  aqueous  humour  was  in* 
eiticacious. 

Lastly,  the  question  is,  through  the  intervention  of  wAat  nerves 
the  absorbed  atropia  acts.    In  the  first  place,  we  cannot  admit  that 
the  matter  acts  directly  npon  the  mnscniar  fibre-cells :  the  similar 
nature  of  these  contradtile  elements  in  the  sphincter  and  the  dilator 
should  then  lead  ns  to  expect  a  similar  influence  npon  both,  and 
strong  dilatation  of  the  pupil  could  not  take  place.    We  therefore 
infer  that  the  atropia  acts  on  the  nerve  fibres,  or  on  the  ganglionic 
cells,    a.  The  sph'uicter  muscle  hecomes  paralj/tic:  reflex  and  ac- 
commodative movements  are  abolished ;   and,  moreover,  paralysis 
of  accommodation  (of  the  m.  ciliaris)  ensues,  which,  however, 
remains  much  longer  incomplete  than  that  of  the  sphincter  of  the 
pupil  Hence  it  follows,  that  the  elements  of  the  ocnlo-motor  nerve 
are  paraly8ed,-Hhe  more  deeply-seated  (of  the  ciliaiy  muscle)  being 
the  hut  to  be  affected  (an  additional  a^^ument  for  the  direct  action 
of  the  atropia  on  the  nerve-elements),  h.  The  Ulaior  muscle  becomes 
itronglij  contracted.    The  proof  consists  in  the  fact  that,  as  llnete* 
was  the  first  to  show,  in  complete  ])aralysis  of  the  ocnlo-motor  nerve, 
the  size  of  the  pupil  is  still  considerably  increased  by  atropia; 
additional  dilatation  also  occurs  under  atropia  after  removal  of  the 
neife  in  question  in  animals.  To  explain  this  we  assume  a  stimulating 
action  on  the  sympathetic  nerve,  which  we  can  scarcdy  imagine  to  be 
penistent  unless  it  takes  place  by  the  intervention  of  ganglionic 

•  Klimsche  Bcitrage  z.  Patholoffie  und  Phynolojfie  der  Augen  und  Ohren, 
Braunschweigi  1843,  p.  250. 
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odls.   Of  thewH  10  known  that  llicj  are  specific  in  tlieiracl^^ 

a  condition  of  persistent  stimolation  by  a  given  substance  we  luvem 
t'xaniple  in  the  action  of  strychnia  brouglit  into  direct  contact  with  the 
grey  substance  of  the  spinal  cord.*  After  a  j)o\verl  ul  effect  of  atropia, 
1  saw  still  further  dilatation  of  the  pupil  arise  on  stiuiulatiou  of  the 
sympathetic  nerve  in  the  neck  in  rabbits,  a  proof  that  this  nerre  at 
least  is  not  paralysed.  If  division  of  the  qrmpathetic  nerve  hav« 
pieviooslj  takfio  phuse,  the  pnpil  on  the  same  side  is  not  so  li% 
dilated  atiopia  as  that  upon  the  other.  Biffif  and  Cramer^  aav 
also  in  Uus  phenomenon  a  proof  of  the  stimnlating  action  upon  & 
sympathetic  nerve.  We  cannot  admit  it  to  be  such  :  the  difference 
hetw(  en  normal  anil  increased  action  of  the  sympathetic  nerve,  as 
opjxjsed  to  pand\sis  of  the  oculo-uiotor  uerve,  may  be  sufficieDt  to 
explain  the  diiiereuce  observed. 

The  infloeuce  of  atropia  on  the  n.  trigeminus  is  jNrobablj  nar- 
cotising. However,  both  in  cases  of  paralysis  in  man^  and  after 
the  division  of  this  nerve  in  the  rabbit,  the  action  of  atropin  is  as 
nsnal :  if  the  pupil  wasj  as  in  Dr.  Snellen's  case,  originally  wider 
than  in  the  other  eye,  it  remained  wider  also  after  instillation  in 
both  eyes ;  if  it  was  narrower,  as  in  experimeat^j  on  rabbit^:,  ii 
remaine<l  narrower  also  upon  instillation. 

Kespecting  the  influence  upon  the  vaso-motor  nerves  of  the  iris, 
nothing  can  with  certainty  be  stated. 

The  anoients  (G>nf.  Plinius,  IlUt,  Xaturalis,  liber  xxv.  cap.  13)  were 
acquainted  with  the  mydriatic  actiou  of  some  plants,  and  employed  it  in  the 
depression  of  cataract.  Sucli  an  action  was  ascribed  especially  to  Anagallis, 
which,  however,  has  not  been  eonlinued.  Of  the  influence  of  belladonna  on 
the  pupil  we  find  mention  first  made  by  van  Swieten  ( Cothment.  in  JJoerharii 
Aphon'smos,  t.  iii.) ;  moreover,  by  Reimarus  (conf.  Daries.  Diss,  de  Atropa 
JSdladotnia.  Lipsia;,  1776),  Mellin,  llay  and  others;  and  I^der  (conf.  Schi- 
ferli,  Ueher  den  grauen  Staar,  p.  85)  employed  t)ie  infusion  in  the  extrac- 
tion of  cataxaot  Sari  Himly  (  G9U.  Gtlekrtt  Anzeige,  1 800),  who  dUeoTend 
the  mydriatio  aetioa  of  hyoscyamus,  haa,  bowerer,  the  merit  of  being  the  fint 
to  make  mydriatiea  in  an  extended  iieiiae  available  in  ophthalmia  rargery. 
Almoet  at  the  lame  time  Darwin  (iSbonomia,  ilL  132,  London,  1801)  wo^ 


*  That  Harlfly  did  not  obtain  thia  eflfeet»  ia  probably  to  be  attributed  to 
the  employment  of  too  strong  a  solution  (oonl  XdUiher,  FerhamO.  der 
Oemiltek,   "Wiirzburg,  B.  ix.  p.  xvii). 

t  hUomo  aU'inJiuenza  c?te  koHOO  mtWocehio  i  due  nervi  grandi  spnpatkieo 
0vaffo.    Pavia,  1846,  p.  12. 

%  MU  accommodatie-vermogen,  1853,  p.  127. 
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seated  the  advantage  to  be  derived  therefimiiim  some  forms  of  ophthalmia.— 
X'Im  infloenee  of  mydriatios  on  the  aooommodAtionwaa  not  investigated  nntil 
ct.  later  period,  and  then,  indeed,  with  wonderfnl  aoouraoy,  by  Dr.W^ ' 
C-^hOiMepMeai  Ihuuaetumt,  1811,  p.  378).  In  hia  experimenta  upon  Dr. 
Oatting,  it  appeared  that  Ihe  aeoommodation  was  wholly  loot,  and  even 
'tliat  the  farthest  point  somewhat  receded.    In  a  eonple  of  myopes,  too, 
ciiminution  of  accommodation  with  unaltered  farthest  point  was  established. 
Xn  connexion  M'ith  the  observation  which  wc  here  find,  that,  on  the  paining 
off  of  the  effect,  the  diminution  of  the  pupil  and  the  increase  of  the  range  of 
"vision  did  not  keep  regular  pace  with  each  other  (the  occurrence  of  dilatation 
he  fore  the  loss  of  accommodation  was  unobserved),  Brewster  came  to  the 
conclusion  that,  after  the  application  of  belladonna,  another  organ  than 
the  iris  must  also  be  paralysed.— Numerous  other  investigations  were  com- 
muuicatcd  from  many  quarters,  but  contributed  nothing  essential  beyond 
what  is  comprised  in  the  foregoing  section.    Only  it  still  deserves  to  be 
mentioned  that,  aooording  to  von  Qraefe,  diminished  tension  of  the  itoMa  of 
the  eye  might  also  be  admitted  as  a  resolt  of  the  use  of  atropia,  of  the  oor- 
reotness  of  whioh  view  Dr.  Sohneller  (Arckiv  /,  O^ihaimologit,  B.  II., 
Abth.  2.,  p.  9ff.)  thought  he  found  a  proof  in  the  dilatation  of  the  veseek  of 
the  retina  observed  by  him.   I  suggested  a  doubt  whether,  supposing  that 
ttic  observation  is  oorreot,it  indicates  diminished  tension  (conf.  Kujrper,  iL  e.)» 
The  paralysis  of  the  accommodation  owtainly  could  notezplain  this,  for,  even 
if  with  accommodation  temporary  increased  tension  may  arise,  the  relation 
between  absorption  and  secretion,  just  as  we  observe  in  consequence  of 
pressure  with  the  fin|?er  on  the  eye,  would  immediately  remove  it  by  the 
absorption  of  a  little  tiuid.   The  tenbion  of  the  eye  depends  upon  the  action 
of  the  secretory  nerves,  and  these  lie  in  the  path  of  the  n.  trigeminus,  the 
division  of  which,  as  numerous  experinK  nts  have  shown  rae,  considerably 
lessens  the  tension  of  the  eye.    We  should  thus,  a  priori,  think  it  possible 
that  atropia,  by  paralysing  these  nerves,  should  diminish  the  tension,  but  I 

have  never  been  able  with  certainty  to  saUbly  myself  of  it. 


§46.  Morbid  Pabalysis  of  Accommodation. 

Paralysis  of  aocommodation  as  disease  is  by  no  means  an 
nnnsiial  occurrence.  Emmetiopio  and  ametropic  pyes  are  alike 
liable  to  it.  It  oocnrs  too  at  eveiy  age^  bat  in  old  persons,  who 
hare  already  lost  their  accommodation  by  senile  changes^  it  is  of 
Me  importance.  As  we  know^  that  the  accommodation  is  effected 
exclusively  by  the  internal  muscles  of  the  eye,  we  can  seek  paralysis 
also  only  in  the  fibres  of  the  short  root  of  the  ciliary  ganglion. 
Now,  in  fact,  it  often  occurs  that  only  these  fibres  are  paralysed, 
and  in  this  case  we  have  paralysis  of  accommodation  alone :  except 
that  paralysiB  of  the  sphincter  pupiUse,  which  deiirea  its  motor  fibres 
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from  the  same  root,  is  usually  combined  therewith.  Bat  in  aboi^ 
an  equal  number  of  cases  there  exists  at  the  same  time  panijns  cf 
other  fibres  of  the  ocolo-motor  nerve,  and  not  nnfreqnendj  die 
paralysis  extends  even  to  all  the  branches  of  this  nerve.  It  is  re- 
markable, that  while  paralysis  of  accommodation  very  oft-en  ocean 
separately,  paralysis  in  the  domain  of  the  oculo-motor  nerve  is  com- 
paratively rarely  met  with,  without  paralysis  of  accommodation.  I 
may  add,  that  so  far  as  my  experience  goes,  uncomplicated  paralysis 
of  accommodation  occurs  much  more  frequently  in  women,  often  too 
in  children;  paralysis  of  the  oculo-motor  nerve  on  the  oontraijf 
including  paralysis  of  the  accommodation,  is  much  more  freqncofly 
fonnd  in  men,  and  ordinarily  not  nntil  after  the  twenty-fiflli  year. 
In  either  case,  the  paralysis  is  rarely  complete !  generally  speaking,  k 
is  only  paresis,  inasmuch  as  a  certain,  though  usually  only  a  slight 
degree  of  accommodation,  has  remained. 

Uncomplicafe'I  pdrd/i/.v.t  of  accommoilation  has  only  one  objective 
symptom  :  dilatation  aud  immobility  of  the  pupil.    The  dilatation  if 
not  considerable ;  for  even  with  complete  paralysis,  a  wider  pupil 
than  the  normal  in  the  dark  is  not  to  be  expected.  Nevertheless 
in  complete  paralysis  not  a  trace  of  either  accommodative  or  of  reflex 
movement  is  to  be  seen.   But  I  may  add|  that  these  cases  are  ex- 
tremely rare.    Further,  the  connexion  between  paralysis  of  Ihe 
pupil  and  of  accommodation  cannot  be  called  absolute :  once  I  found 
satisfactory  accommodation  still  coexistent  with  absolute  immobility 
of  the  ])upil.    In  one  instance  too,  paralysis  of  accommodation  disap- 
peared w  ithout  a  return  of  the  mobiUty  of  the  pupil^ — and,  on  the 
other  hand,  with  perfect  or  almost  perfect  loss  of  accommodatioii, 
the  motion  of  the  pupil  may  be  but  little  disturbed. 

From  all  this  it  is  evident,  that  the  subfeetipe  phenomena  are  the 
most  important  Now,  upon  these  the  re&action  of  the  eye  has  a 
considerable  influence. 

Mi/ojH's,  whose  farthest  point  is  not  more  than  14"  from  the  eye, 
find  no  difficulty  in  readinir,  for  this  point  remains  unchanijcd,  and 
although  their  nearest  point  then  coincides  with  it,  they  see,  with 
unalterable  refraction,  perfectly  acutely  at  the  distance  of  14*'  o? 
less.  The  disturbance  is  confined  to  this^  that  on  the  one  hand, 
objects  at  a  greater  distance  appear,  on  account  xA  the  greater  cudes 
of  diffusion  of  the  larger  pupil,  more  diffuse  than  usual^— on  the 
other,  tiiat  within  the  distance  of  their  combined  nearest  and 
farthest  point,  they  cease  to  see  acutely.  Both  disadvantages  are  in 
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^reat  part  Temo?ed  when  Che  paralysis  of  aooommodaiioii  is  moom* 
plete,  and  we  then  hear  few  complaints  from  myopes.  It  is  only 
wtien  they  wear  neutralising  spectacles,  and  u^e  them  at  their  work, 
that  tlu'v  an;  on  a  footing  with 

I£m//tt-fropt'.'<. — These,  on  the  occurrence  of  paralysis  of  accommo- 
dation, immediately  resort  to  tlie  oculist.  They  can  no  louger  read 
nor  write,  and  they  are  aware  that  an  important  disturbance  exists : 
even  when,  as  is  usual,  only  one  eye  is  affected,  a  certain  dimness  is, 
on  account  of  the  acute  origin  of  the  paralysis,  forthwith  observed, 
causing  each  eye  to  be  separately  tried,  and  thus  the  lesion  is 
discovered.   If  we  find  that  Vision  at  a  distance  is  acute,  and  with 
either  concave  or  convex  glasses  becomes  ditfuse,  while  for  near 
objects  convex  glasses  are  necessary,  the  diagnosis  is  made,  which 
finds  only  a  still  further  coulirmation  in  the  torpidity  of  the 
dilated  pupil. 

The  paralysis  of  accommodation  is  productive  of  yet  greater  dis- 
turbance  in  Hypermeiropes :  not  only  for  near,  but  also  for  distant 
olijects,  with  respect  to  which  an  involuntaiy  accommodation  for- 
merly easily  overcame  their  hypermetropia,  is  their  vision  difluse.  It 
is  evident,  that  such  a  condition  snggests  the  idea  of  amblyopia,  and 
I  have  already  (p.  280)  comnumicaU'd  a  case  in  which  the  patient's 
fatlitT,  himself  a  medical  man,  feared  the  worst.    By  attending  to 
th(  (Hreciion,  in  any  disturbance  of  vision,  systematiadly  to  detiue 
with  glasses  the  refraction,  and  the  acuteness  of  sight  in  distant 
vision  (compare  §  9),  we  shall  be  sure  to  avoid  error  :  amblyopia  is 
thereby  forthwith  excluded,  and  while  the  glasses  required  for  distant 
vision  are  insufficient  for  seeing  near  objects,  the  pualysjs  of  accom- 
modation is  recognised.  .  .  \ . 

The  phenomena  are  less  eharactenstic  when  no  complel^  paralysis, 
but  only  paresis  is  present.  The  niyo})p  then  often  experiences  no 
actual  disturbance ;  the  einnietropc  com})]ains  of  fatigue  only  on  tension 
for  near  objects,  resembling  the  asthenopia  of  thehypermetrope  (com- 
pare Chap.  V.,  p.  287) ;  but  thehypermetrope  very  rapidly  experiences 
considerable  asthenopia  for  near  objects,  and  even  difficulty  in  seeing 
acutely  at  a  distance.  In  general  with  paresis  of  accommodation, 
asthenopia  very  quickly  occurs;  in  the  first  phice,  because  the  wider 
pupil  requires  more  accurate  accommodation  to  distinguish  satisfac- 
torily; in  the  second  place,  because,  just  as  in  atropia-paresis,  the 
Illative  rani^e  of  ac(  uninioilalion  is  very  unfavourably  situated : 
while  with  the  maximum  convergence,  the  closest  point  is  found 
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comparatively  little  farther  from  the  eye,  with  mediam  eaawergmt, 
only  a  alight  tenaioii  of  aooommodation  appean  to  be  poaBbk^-> 
Sooieiimea  in  paresia  of  aooommodatioii  micropia  ia  alao  comphfnri 

of  ;*  the  cx])lanatioii  of  which  ia  giTen  above  (p.  586). 

The  foregoing  refers  more  particularly  to  the  uncomplicalei 
paraly.sis  of  accoiumodatioii.  Often,  however,  this  is^  .is  we  hare 
seen,  only  <i  pttrt  of  a  more  yencrnl  morbid  condtdoHy  and  mo5t 
frequently  panU^sk  of  the  oculo-inotor  nera:  If  this  is  coujpleif 
the  upper  eyelid  hangs,  and  the  outer  angle  of  the  alit  even  atands 
conaideiably  lower  than  that  of  the  other  side  (compare  Pig. 
taken  from  a  photograph) — a  proof  that  the  (now  paralyaed)  eievato 
of  the  upper  eyelid  is  alao  the  elevator  of  the  conjoined  lowi^  lid.  A 
very  slight  upward  movement  of  the  eyelid  remains,  in  conaequeoee 
of  the  fact  that,  on  endeavouring  to  raise  it,  the  musculus  orbicularis 
palpebrarum,  which  is  governed  by  the  facial  ner\'e,  e;in  relax  itseJf 
still  more :  the  latter  iimscle  remains  in  any  case  capable  of  strong 
contraction.  If  we  raise  the  paralysed  eyelid,  we  find  the  c<)rnea 
deviated  outwards  (Eig.  169),  and  on  looking  to  the  opposite  aide  it 


Fig.  168.  Fig.  169. 


scarcely  reaches  the  middle  of  the  slit  (paralysis  musculi  recti  interni). 
On  eudeavouriug  to  look  upwards,  the  paralysed  eye  remains  unal- 
tered in  its  place  (paralysis  mm.  recti  superioiia  et  obliquiinferioris). 
On  endeavouring  to  look  downwarda,  the  m.  obliquna  anperioTi 

•  l^'inoiirs  in  particular  (  Tnn'fr  di  s  ni'i/adit  s  rft  s  i/rtir,  T.  i.  p.  4441  hu 
iciuurked  ibis.    Compare  albo  Duval,  Ann.  d'Ocuiust ,  T.  xj^iii.  p.  154. 
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which  is  governed  by  the  n.  troclileari?,  alone  acts,  and  this,  especially 
when  the  eye  is  turned  outwards,  produces  a  sliglit  inward  rotation 
arouiui  the  visual  axis  rather  than  a  downward  movement  of  this 
axis.''^   With  these  phenomena  a  misappreihension  of  the  position^ 
and  an  apparent  movement  of  the  objects^  on  every  attempt  at  move- 
ment of  the  eje>  are  combined — the  first  dependent  on  an  incorrect 
estimation  of  the  position  of  the  eye,  the  second  on  the  loss  of 
adequate  correspondence  between  the  attempt  at  movement  voluntarily 
made  and  tlic  real  movement  of  the  tield  of  vi^iiun  on  the  retina. 
The  complaint  of  vertigo  is  thus  explained. — In  other  cases  only  a 
part  of  the  muscles,  influenced  by  the  third  pair,  is  iniplicated  in 
the  paralysis;  sometimes  the  m.  levator  palpebne  supcrioris,  \vhi(  li 
does  not  readUy  remain  wholly  free^  and  also  very  easily  shows  the 
disturbance,  alone  is  affected,  sometimes  the  m.  rectus  intemns; 
very  seldom  the  m.  obliqnus  inferior  is  implicated,  notwithstand- 
ing that  it  ia  precisely  the  branch  destmed  for  this  mnsd^ 
which  gives  off  the  short  root  of  the  ciliary  ganglion,  of  which 
wholly  uucumplicated  paralysiis  very  often  occurs. — Not  unfrc- 
quently,  too,  in  both  eyes,   different  muscles  governed  by  the 
third  pair  are  at  the  same  time  or  consecutively,  more  or  less  })ara- 
lysed,  whether  with  the  accommodation  or  not. — Further^  we  ob- 
serve that  the  fourth  and  sixth  pairs  aie  also  affected  (I  have  even 
seen  a  case  in  which  only  the  mnsculns  rectus  externns  and  the 

*  The  rotation  mentioned  here,  was  observed  and  analysed  by  me  in  a 
esse  described  in  tbe  Nederlamhch  Lancet,  18'jO,  D.  vi.  p.  425.  Compare 
also  Ruete,  Kliniarhe  Itcitrnge,  p.  242.    It  demands  somo  explanation  hero. 
In  the  movements  of  the  visual  axis  directly  upwards  and  downwards,  as 
well  as  in  those  to  both  sides  in  a  horizontal  piano,  the  vertical  meridians  of 
the  primary  position  remain  perfectly  vertical,  as  appears  from  the  coincidence 
of  the  iiecondary  images  of  a^'ertical  coloured  ribbon  with  the  images  of  other 
Tertioal  lines,  so  that  in  the  last  caae  the  eye  rotates  round  a  vertical,  in  the 
first,  ronnd  a  horizontal,  axis.  To  make  this  pottible,  the  m.  reotns  superior 
and  tbe  m.  obliquus  inferior  must  in  the  movement  upwards  assist  each 
other  in  tbe  rotation  around  the  horiiontal  axii,  and  in  the  rotation  anmnd 
therisual  axis  they  must  nentfalise  one  another ;  tbe  same  is  true  of  the  m. 
rectus  inferior  and  the  m.  obliquns  superior  in  looking  downward.  This 
explains  the  effeeti  obeer?ed  in  paralysis  of  the  oenlo-motor  nerve,  of  the  m. 
obUquns  superior,  gOTerned  by  the  n.  troohlearis,  on  an  effort  to  look  down- 
ward, the  musculus  rectus  inferior  being  paralysed.    Compare  Kuete,  Daa 
Ophthahnotrop,  1S46,  p.  9,  and  F.  ('.  Doudirs,  Beitrag  zur  Lehre  von  den 
liewegungen  des  menschliehen  Au^^es  in  Ilollandische  Jh  ifrat/e  zu  den  ana- 
tomuchen  und  physioloyUchen  H'usenscJuiJUHf  164(),  13.  i.  pp.  lOo,  et  acq. 
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accommodation  were  i)aralysed) ;  and  occasionally,  too,  paisatiiess 
exists  in  some  branches  of  the  lifth  pair. — Lastly,  tlie  paralysis  oi 
accommodation  is  wholly  subordinate  to  that  of  different  })art^  ci 
the  body,  and  then  depends  upon  disturbance  of  the  central  orgm^ 
Under  all  thi^e  combinations,  however,  the  distorbanoe  connected 
with  paralysb  of  aocommodatioQ  oontinaes  of  the  same  kind. 

On  mhai  morbid  alteration  the  paralysis  of  aooommodatxm  de- 
pends, is  often  obscure.   Experienoe  diows  that  in  sadden  dianges 
of  temperature,  particolarlj  on  expoenre  to  storms  or  draughts  of 
air,  par;il\>is  of  the  motor  iutvcs  of  the  eye,  sometimes  of  a  sing^le 
nerve  or  of  particular  hranches,  not  luifreqiieiilly  occurs.   When  the 
days  are  extremely  warm,  and  the  eveuings  cool,  a  larger  iiunil'er  ul 
cases  of  this  paralysis  is  in  general  met  with.  Such  cases  are  called 
rhenmatic,  and  are  referred  by  some  to  an  inflammatory  affection  of 
the  nenre-sheath.  The  paralysis  in  these  cases  ocenrs  suddenly  ;  often 
it  is  observed  on  awakhig  in  the  morning.  We  may  hope  that  after 
some  weeks  or  months  it  will  again  give  way,  but  at  the  end 
of  six  months  such  hope  must  be  abandoned.    If  the  other  eye 
also  subsequently  becouies  alleeted,  as  I  have  often  seen  it,  the  idea 
of  constitutional  predisposition  is  naturally  siurErested ;  but  for  this 
view  there  is  frequently  no  ground. — Only,  syphilis  is  recognised  as 
a  constitutional  cause^  and^  if  mercurials  are  used,  it  may  produce 
paralysis  even  many  years  after  infection.  Under  such  circumstances 
the  paralysis  is  rarely  limited  to  the  accommodation.   The  seat  is 
especially  considered  to  be  central^  when  both  sides  are  afiected; 
by  periostitis^  by  peculiar  tumours  ci  the  moves,  perhaps  also  hj 
inflammation  of  the  nerves,  syphilis  may  produce  paralyse.  Ususlly, 
however,  nothing  of  these  morbiil  changes  is  apparent  during  life. 
The  prognosis  is  in  such  instances  less  favourable. — More<nTr,  we 
tind  cases  recorded  in  which  injury,  abscesses  in  the  orbit,  tumours 
in  the  cranial  cavity,  and  diti'erent  morbid  ( lianges  in  the  brain  were 
in  operation,  and  credulous  people  have  admitted  hysteria  and  hypo- 
chondriasis into  the  list  of  causes. 

On  the  subject  of  treatment  we  may  be  brief.  The  so-called  rhea- 
matic  paralysis  often  gives  way  spontaneously,  most  frequently  after 
two  or  three  mcmths.  It  is  pretty  generally  the  custom,  under  soch 
circumstances,  to  apply  an  ointment  with  Veratria  around  the  eye, 
and  to  give  secalc  comutum  internally,  and  in  this  res|)ect  I  myself 
follow  the  examjde  of  others;  but  it  is  very  hard  to  satisfy  one's  self 
by  comparative  observation  that  this  plan  is  attended  with  any  benefit. 
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The   myosis,  which  is  the  result  of  the  employment  of  Calabar,  - 
even  in  paralysis  of  the  oculo-motor  nerve,  may  in  every  case  pro- 
diQU^  symptomatic  impioTement.    How  far  this  remedy  is  other- 
wise indicated,  farther  experience  most  decide  (compare  the  doee  of 
^  48  on  Myosb  and  Myotics).   On  the  supposition  of  the  existence 
of  oonstitational  syphilis,  an  antisyphilitic  treatment  is  often  tried, 
And  the  preference  is  generally  given  to  a  short  course  of  inunction, 
which,  however,  as  every  other  treatiiuiil,  is  frequently  unattended 
with  any  niarkrd  result. — \Vherethe  nervous  system  is  more  generally 
implicated,  regimen  and  treatment  are  directed  to  that  condition, 
without  special  attention  to  the  paralysis  of  accommodation. 

Respecting  the  use  of  spectacles  in  paralysis  of  aooommod&tion,  it  is 
almost  sufficient  to  observe,  that  there  is  scarcely  ever  any  objection  to 
bringing  the  point  of  distinct  vision  to  the  distaace  which  tiie  existmg 
acatenes9  of  vision  and  the  nature  of  the  work  to  be  performed  render 
desirable.    Sometimes,  however,  especially  when  the  paralysis  is  in- 
complete, we  give  weaker  glasses,  so  that  the  tension  required  ensures 
practice  of  accommodation.    But  if  asthenopia  then  occurs,  we  do  not 
withhold  stronger  glasses.    Whether  in  paralysis  of  accommodation 
of  one  eye  the  assistance  of  a  convex  glass  is  to  be  afforded,  must  be 
judged  from  what  has  been  said  as  to  the  use  of  glasses  in  difference 
of  refraction  of  the  two  eyes  (compare  §  42).   We  should  bear  in 
mind,  that  in  the  stationary  refraction  of  the  one  eye,  the  same 
glass  can  in  this  case  be  useful  only  for  a  given  distance. 

The  prinoipal  oljeetive  phenomenon  of  paralyab  of  aooommodstion— the 
wide,  immovable  papil — was  the  first  to  attract  atteiition»  and  was  designated 
by  tiie  ancients  under  the  term  myrfriWs.  But  a  dilated  pupil  beingai^mptom 
of  amaurosis,  the  diatnrbance  of  vision  in  simple  paralysis  of  aooommodation 
WM  also  looked  upon  as  a  slight  degree  of  amblyopia,  or  was  ascribed  to  the 
ezoess  of  incident  light.    Even  in  our  own  day  this  error  is  not  unusual. 
It  was  in  fact  incredibly  long,  before  ophthalmologists  in  general  had  a 
sufficiently  correct  idea  of  accommodation  properly  to  comprehend  its  devia- 
tions.  And  this  in  spite  of  the  exocUeut  example  of  Dr.  Wells  (iVuVo- 
hophical  Transactions,  vol.  ci.,  p.  378,  London,  1811),  who,  in  1811,  cor- 
rectly recognised  and  understood  a  case  of  paralysis  of  accommodation,  and 
terminated  his  description  with  the  following  pregnant  words  ;—.«*  From  these 
droomsteneea  it  was  plain  that  this  gentleman,  at  the  same  time  that  his 
pupils  had  become  dilated,  and  his  upper  eyelids  paralytio,  had  aoqmied 
the  light  of  an  old  man,  by  losing  suddenly  the  command  of  the  mnseles, 
by  whieh  the  eye  is  enabled  to  see  near  objects  distinetly ;  it  being  known 
to  those  who  are  conversant  with  the  facts  relating  to  human  vision,  that 
the  eye^  in  its  relaxed  state,  is  fitted  for  distant  objeots,  and  that  the  seeing 
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of  near  oljeots  aooiinttely  is  dependent  upon  muscular  exertion."   Noir,  *a 
Ruete  states,  we  find  mention  made  by  some  writers,  aa  £•  Home,  Sichel, 
and  Canst.itt,  in  cases  of  paralysis  of  the  oculo-motor  nerve,  of  diminished 
acc  omraodation  for  near  ohjocts  :  but  still  we  miss  the  accurate  determica- 
tion,  and,  in  (general,  any  correct  idea  of  the  state  of  the  case.  Jani€^3 
Hunter  (Edinhitn/h  Medical  and  Surgical  Journal,  Jan.  1840,  p.  124^  even 
thinks  that  a  case  of  mydriasis  occurring  suddenly  in  a  child,  in  which, 
near  objects  could  be  distinguished  only  with  the  aid  of  convex  spectacles 
(0),  must  be  ascribed  to  spaam.    With  reference  to  this  case,  Himly  {I, 
B.  S,  p.  48 1 )  propoees  die  qveitioiii,  wliether  paralydt  alioiild  not  ntlicr 
prodaoe  pfetbyopia,  and,  in  Hut,  ho  deteribei  pmmis  of  niwninniodotiqo 
under  the  name  of  snddenlyHioeiirruig  preebyopiiu  In  like  meaner,  wbmt 
waa  deeeribed  by  von  Weltlier  {Journal  Ton  Gnefe  uiMf  Welther,  B.  ita. 
p.  22),  as-amaorosis  oiliarie;  bySiohel  {Aim.  d'oeuKtL,  1853)  as  amblyopxe 
presbytique,  might  also  be  nothing  else  than  paretia  of  aooommodatioii* 
Meanwhile  Ruete  (/.  c.  1848,  p.  246)  tieated  in  detail  of  the  inHuenoe  oi 
paralysis  of  the  third  pair  upon  the  accommodation  ;  but,  aa  in  the  thrc^e 
cases  which  he  happened  to  meet  with,  scarcely  any  disturbance  existed,  he 
thought  that  no  very  great  influence  upon  the  aooommodation  is  to  be 
attributed  to  this  nerve. 

Thus  ignorance  or  doubt  remained.  I  know  not  who  was  the  fifst  to 
suggest  clearer  and  correct  ideas.  But  it  seems  as  if  these  were  included 
in  the  discovery  of  the  principle  of  aooommodation,  and  on  that  disoovery, 
aa  it  were,  spontaneonaly  eame  to  light  in  diAimt  qnaitera,  altiioDgk 
Cramer,  who  diaoorered  tiiat  principle  hinaelf,  waa  atill  deoelYed  aa  to  the 
nenroQs  inflnenee  in  aoeommodation.  A  more  aoonrate  oboerration  of  the 
eases  whieh  presented  themselTea  oertainly  proeeeded  from  tho  introdnotion 
of  the  determination  of  the  range  of  aoeommodatioD. 

Mydriasis,  as  a  symptom  of  blindness,  almost  always  dcpcndintf  on  a 
cerebral  cause,  does  not  belong  to  my  subject.    With  resjH'ct  to  mydri- 
asis, ind(  pendent  of  paresis  of  accommodation,  I  might  probably  also  be 
eilent.    1  believe,  in  fact,  tliat  in  the  great  majority  of  cases,  either  the 
paresis  of  accommodation  was  overlooked,  or  the  existence  of  mydriaaia  waa 
lightly  assnmed.    Certainly  it  has  not  been  snlfieieiitly  kept  in  Tiev, 
that  yonng  ohildren  nsnally  have  large  pupils,  and  thus  all  sorts  of  eaases 
hare  been  sailed  npon»  but  espeeiaUy  the  preeenee  of  worms,  to  explain  a 
phenomenon  whieh,  in  ehildhood,  needed  no  explanation.  Aeeinate  determi- 
nations of  the  size  of  the  pnpil,  the  light  being  the  same,  may  in  eaeh 
case  be  required :  in  my  own  investigations,  in  which  the  measurement  was 
efiected  with  the  ophthalmometer,  I  was  struck  with  the  great  similarily 
of  the  pupil  in  the  same  individuals  at  different  times,  the  illumination 
and  the  accommodation  only  being  equal.    Moreover,  cases  are  communi- 
cated in  which,  with  a  general  tendency  to  spasm,  with  anaesthesia,  also 
with  irritation  of  the  tifth  pair,  there  was  a  particularly  wide  pupil,  but 
respectinr;;  the  accommodation  nothing  is  here  noted.  A  remarkable  case,  with 
irregular,  almost  whimsical,  sometimes  periodically  recurrent,  mydriasis,  for 
a  time  alternating  in  the  two  eyes,  with  aooompanying  paresis  of 
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dAtion,  is  reooided  by  von  Gnefe  {Jrakw  /.  OpIUhalmohjfie,  B.  iii.,  H.  9, 
p.  359).  In  this  insteiios  the  power  of  visioii  wis  pemuuicntly  disturbed, 

Mftd  probably  a  cerebral  affection  was  at  the  bottom  of  it   Von  Graefe 
•etya  he  has  also  observed  mydriasis  to  be  a  precursor  of  mania. — That  an 
initated  condition  of  the  Bjmpathetio  nerve  in  the  neck  (irritation  of  the 
a.l)dominal  portion  in  animals  does  not  produce  mydriasis)  mifjht  lead  to 
noncomplicated  mydriasiB,  without  any  inlluence  on  the  accommodation,  is, 
«  priori,  very  probable ;  but  the  cases  in  which  the  occurrer\ce  thereof 
should  be  proved  are  almost  wholly  wanting  in  literature,  and  in  nature 
I  have  80  far  not  met  with  them. 


§  47.  Pabbsis  of  Aooommodahon  after  Difhthbria  FAUoniif 

AKD  VBAnNDTO  OF  ACOOMHODATION. 

• 

For  some  years  past  a  malignant  disease,  inown  by  the  name  of 
dipMAeria/aueium,  or  atiffima  dyiAikerUiea  (better  dipAtkenna),  has 
prevailed  in  certain  oonntries  of  Europe.  In  the  commencement  of 
1860  it  began  to  manifest  itself  in  several  places  in  the  Netherlands, 
where  it  is  still  prevalent,  and  even  in  the  course  of  the  past  year 
carried  many  to  the  grave.*  In  France  and  cli^owhero,  different 
fonns  of  paralysis  had  been  observed,  as  sequelae  of  this  diphtlieria. 
Among  these  mention  had  been  made  of  disturbance  of  vision,  but 
without  just  appreciation  of  its  nature. f  Soon  after  the  occurrence 
of  the  disease,  oases  presented  themselves  to  me,  to  the  connexion  of 
which  with  the  angina  in  question  I  was  led  bj  a  particular  circum- 
stance. It  immediately  appeared  to  me,  that  what  was  considered 
as  disturbance  in  the  function  of  the  retina,  was  a  simple  paresis  of 
accommodation;  and  I  subsequently  had  opportunities  of  satisfying 
myself  of  the  correctness  of  this  view  in  a  great  number  of 
patients. 

*  See  the  Reports  in  the  Nederlandsch  Tydackrift  wor  Oemtethmde, 
1863. 

t  Mentum  had  already  been  inoidentaUy  made  of  paralysis  after  diph- 
theria, by  Bretonnean,  I^ousseau  and  Blaohe,  and  a  detailed  deeeription  of  a 
eaie  observed  by  him,  with  a  brief  report  of  six  oUiers,  was  given  by 
Fanre  (L*  Union  MkL,  Nos.  15  and  16,  1857).  Although  general  paralytio 
symptoms  are  the  most  prpminent,  mention  is  made  also  of  paralysiB  of  the 
palate  and  of  "  weakness  of  sight/'  onoe  too  of  strabismus.  Cases  are  given 
also  by  Richard  and  by  Mayer  (conf.  Eisenmann,  Camtatt's  Jahreshcricht, 
1858),  in  wliich  mention  is  made  of  disturbance  of  vision. — Since  my  own 
investigations,  ooufirmatory  observations  have  reached  me  from  various 
quarters. 
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The  following  is  a  history  of  the  coarse  of  mj  observations  ou 
this  subject : — * 

I.  lOn  D.,  aged  26,  applied  to  me  on  ilie  22nd  of  Maj,  I860,  iuMglBia- 
iDg  of  disfenibaiioe  of  Tiiioii.  On  eramlwstion,  it  was  foand  thmt  this  dis-  | 
tnrbanoe  depended  on  Jiminntioii  of  tlie  power  of  acsoommodation.  RaiMle 
ohjeoto  wen  seen  qnite  aeateljr»  and  were  rendered  diffuse  both  by  convex 
and  eonea^  glasses :  enunetiopiav  therefore,  existed*   The  dUianoe  P  of  the  , 
nearest  point  (at  26  years  of  age,  with  normal  range  of  accommodation 
of  the  emmetropic  eye  =  from  4 J  to  5  Parisian  inches)  was  reduced 
for   the  riu:ht  eye  to  about  21',  for  the  left  to  12'.     With  ijla^s  of 
R  was  for  the  right  eye  =  12";  for  the  left  R  was  =  8".    The  pupils 
were  wider  than  usual,  particularly  the  right  one  ;  the  reflex  movt-mvnt  i 
was  tolerably  good,  the  acoommodative  movement,  particularly  in  the  right 
eye,  was  very  limited. 

Bather  more  than  fire  weeks  pmionaly  the  patient»  then  lodging  at 
Bennekom,  had  idEnei  ftmn  inflammation  of  the  thioat.  Hanag 
letomed  to  Utreehti  sho  for  the  fiist  time  remaiicedy  ahont  fiMvteem  days  | 
before,  that  she  ooold  no  Umger  see  near  olgeotsaontely.  She  eonld  rend  only 
a  few  lines,  and  that  not  nnlees  at  a  comparattTely  great  distanoe ;  there* 
upon  everything  ran  together;  the  letters  were  unreoognisaUe;  the  linei 
appeared  to  he  strokes ;  the  eyes  wars  as  if  iSiUigaed. 

These  sym])toins  resemble  those  of  asthenapm.  But  there  was  no 
manifest  hyperiuetropia ;  and  with  atropia-paralysis  scarcely  Um  « 
appeared,  which  is  usual  with  emmetropic  eyes.  We  had^  therefor^ 
not  to  do  with  ordinary  asthenopia.  Indeed^  both  the  history  of  the 
case  sad  the  present  symptoms  were  opposed  to  the  affection  bemg 
of  that  nature.  As  to  the  fiistp— >the  disturbance  had  occurred 
suddenly,  at  least  within  a  few  days,  without  any  particular  fatigue 
having  been  remarked  before,  even  on  continued  work.  In  asfhe- 
nojnafrvm  hypermelropiay  on  the  contrary,  the  troublesome  symptoms 
come  on  either  very  slowly,  at  first  apparently  perioilically,  or  after 
particularly  weakening  causes.  And  as  to  the  symptoms :  the  nearest 
point  was  too  far  from  the  eye ;  reading,  &c.,  was,  even  on  the  first 
attempt,  too  difficult;  rest  of  the  eye  was  attended  with  too  little 
temporaiy  improvement.  Moreover^  the  peculiar  feeling  of  pressure 
in  the  fordbead,  which  brings  the  hand  involuntarily  to  that  part, 
was  wanting ;  while,  on  the  other  hand,  the  wide  and,  in  aoconh 
modation,  too  slightly  movable  pupils,  pointed  directly  to  paresis. 

The  cause  of  this  paresis  was  meanwhile  obscure.    In  children, 

•  The  particulars  have  been  gi?en  in  detail  by  me  in  the  Archir  fur  die 
JToJlanih'scht'  Beitrage  zttr  Natur.  und  MtiiisMiuie,  pabUshed  by  P.  C 
Dondera  and  W.  Berlin.   B.  10,  1861. 

I 
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according  to  my  experience,  loss  or  diminution  of  the  accommodation, 

Avitliout  paresis  of  the  muscles  of  the  eye,  in  both  eyes  ahke,  does 

Txot  occur  so  rarely^  and  usuallj  gets  well  within  two  or  three  mouths  : 

tthe  cause  then  remains  quite  unknown,  and  recovery  ensues  without 

anything  particular  having  been  done.   In  adulta  this  is  qnite 

different :  paralysis  of  accommodation  in  both  ejfet  togetiier  is  in  soch 

persons  a  very  nnnsnal  oocnnence,  certainly  stiU  rarer  without 

further  paralysis  of  the  muscles  of  the  eye  and  eyelids.    I  was 

therefore  unable  to  give  any  certain  prognosis  from  experience. 

The  prognosis,  however,  could  not  be  favourable,  inasmuch  as  the 

simultaneous  occurrence  of  the  alfectiou  on  both  sides  led  me  to 

suspect  the  existence  of  a  central  cause,  to  which  dulness  in  the  head, 

alight  attacks  of  vertigo,  and  sometimes  even  violent  headache,  gave 

aiili  further  snpport.   Derivation  by  the  intestinal  canal,  pedilavia, 

stimulating  frictions  in  the  frontal  region,  were  prescribed,  and  rest 

1 

was  recommended.   Subsequently  glasses  of  ^  were  permitted  for 

near  objects,  by  which  all  ditliculty  for  close  vision  was  removed. 

In  examining  this  patient,  a  peculiar  lesion  of  .^perck  did  not 
escape  me.  I  suspected  that  it  must  have  depended  on  a  congenital 
defect.  Through  motives  of  delicacy  I  was  unwilling  to  ask  the 
patient  directly  about  it;  nor  did  she  allude  to  it« 

u.  About  a  fortnight  after,  a  youth  named  R.,  aged  15,  of  fair  oomplexion, 
pale,  and  rather  slight,  was  brought  to  me.  His  oomphdnts  were  in  all 
lespeots  the  lame  at  those  of  Mias  D.  The  power  of  visum  was,  however, 
■till  more  limited:  at  a  distanoe  he  saw  aontely ;  as  for  near  ol[jeota»  on 
the  oontraij,  he  eoald  aboolately  not  read  ordinary  type.  The  eloeett  point 
of  distinct  vision  oould  not  be  diieetly  determined ;  with  glaasee  of  \ 
it  lay  at  7'.  The  pupils  were  large,  reflex  motion  was  slighty  aooommoda- 
tive  movement  was  scarcely  perceptible. 

It  struck  me  that  in  this  boy  there  was  a  lesion  of  ppeech  similar  to  that 
in  tlie  case  of  Miss  D.  He,  too,  had  suffered  from  sore  throat.  More- 
over, he  came  from  Ede,  a  village  in  the  immediate  neighbourhood  of 
Bennekom.  Still  more  :  I  heard  that  in  the  same  Bennekora  several  other 
people,  who  had  likewise  suffered  froru  inflammation  of  the  throat,  presented 
both  disturbance  of  vision  and  difficulty  of  speech.  This  fact  appeared  to 
me  to  be  truly  important* 

In  R.,  I  now,  in  the  first  place,  investigated  everything  whieh  had  refer- 
enoe  to  the  modifieation  of  the  vdoe  and  speeeh.  The  distnrbanoe  had  in 
this  boy  remained  direetly  after  the  inflammation  of  the  throat ;  in  Miss  D.  it 
had  not,  as  I  snbseqnently  asoertained,  been  developed  until  some  time  after 
the  sore  throat  hod  given  way. 

The  mneoQs  membrane  of  the  month  and  throst  was  normal,  rather  pole 
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than  red  ;  the  tonsili  were  scarcely  swollen.  The  uvula ^  Jiotcever, 
fxtreiiu  ly  Uhkj  and  u  as  absolutely  immovable, — If  we  look  at  the  pnlltn  Itt 
the  normal  state,  the  tongue  being  a  little  daprewed  and  the  noae  ekaed,  ao 
that  respiratkm  mint  take  plaae  through  tiio  widely-openad  moalh*  tiM 
palate  heoonut  latraeted,  and  the  iiYiila  ia  at  the  mom  time  uraalljr 
anad  and  ahngated  alteniatelj.  On  an  dbnt  it  •wallnviagt  wbick 
meehaniem  aiiooeeda  beet  in  thia  position  when  tha  knrar  jaw  is  ste&dil  j 
fixed,  the  loft  palate  asoends  still  more,  the  arehes  contract,  and  the  first 
time  at  leaet  the  uTula  is  simnltaneouslj  retracted.  Ahout  the  same  is 
observed  on  every  effort  to  speak:  it  is  best  to  make  the  patient  utter  th-? 
sonnd  n  (as  in  art),  which  is  very  possible  with  wide-opened  mouth  and 
depressed  tongue.  Still  preatcr  are  the  contraction  of  the  arches  and  the 
elevation  of  the  palate,  with  retraction  of  the  uvula  in  the  commencement 
of  the  vomiting  movement,  which  occurs  on  tickling  the  pharynx  witli  a 
fine  feather.  Now,  in  all  these  experiments  the  uvula  of  our  patient 
remained  equally  long  and  immovable,  the  ascent  of  the  palate  was  ver/' 
limited,  and  the  pharyngo-staphyline  arches  appvoaobed  eaoh  oHiier  bufc 
slightly.  ETidently,  therefore,  the  azygos  avnlM  was  paralysed,  and  tlia 
other  mnaelsa  of  the  peUte  were  more  or  less  afibeted  by  paralysis. 

With  respeet  to  speeeh,  a  doable  ahnormitj  presented  itssli^  namdly, 
ipeaking  tkrough  the  note,  and  the  aooompaniment  of  many  sounds  with  a 
raUUng  or  tnoring  accessory  sound.  The  rattling  sound  was  evidently 
dependent  on  a  quiyering  of  the  uvula  which  had  come  into  oontaet  with 
the  root  of  the  tongue,  and  it  was  strongly  heard  with  partieular  oonsonantVv 
as  well  as  with  the  vowel  a  (as  in  able). 

The  speaking  through  the  nose  was  in  itself  a  proof  that,  in  consequence 
of  the  paresis  of  the  soft  palate,  the  nasal  cavity  was  not  closed.  The  nasal 
sound  was  most  strongly  heard  in  the  pronunciation  of  o;  but  with  all 
vowels  it  existed  more  or  less,  and  it  was  also  audible  with  all  the  soft  con- 
sonants. (I  use  here  the  terms  employed  by  Dr.  R.  Lepsius.  Standard 
AlphaMf  eto.  London,  1855.)  Moreover,  the  communication  with  the  noes 
in  the  pronnnolation  of  eaoh  Towel  was  shown  by  the  movement  Imparted  to 
the  down  of  fine  feathers,  when  this  was  kept  under  the  nostrils  upon  a  sheet 
of  psper  held  against  the  upper  lip.  Also^  in  the  oomptessioo  of  the  aim 
nasi,  the  slight  deeoent  of  the  tone  in  eaoh  sonnd»  as  well  as  the  ineieaee  of 
the  nasal  sound  was  distinetly  established.  Lastly,  the  impeded  or  retuded 
movement  of  the  palate  appeared  from  the  impoesibility  of  giving  a  soft  pro- 
nunciation to  the  explosive  consonants.  These  consonants  are  uttered  by 
closing  the  opened,  or  opening  the  closed,  mouth.  On  closing  between  the 
lips,^  is  uttered ;  on  closinpj  between  the  anterior  part  of  the  tongue  and  the 
anterior  part  of  the  hard  palate,  t  is  pronounced  ;  on  closure  between  the 
more  posterior  parts  of  the  tongue  and  palate,  k  is  expressed.  If  at  the 
same  time  we  make  tlie  voice  ring,  />,  and  k  give  way  to  the  soft  con- 
sonaDts  bf  d,  and  ^  (as  in  game).  Now,  to  produce  these  sounds,  the  nose 
must  he  drat  off  from  the  throat.  If  this  separation  be  wanting,  we 
produoe,  instead  of  5,  d,  and  g,  the  reoonants  m,  n,  and  ng.  This  appeared 
to  he  aetnally  the  eaee  in  our  hoy :  a  eoft  explosive  consonant  at  the  end 
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of  the  word  gave  way  to  the  corresponding  resonant.  English  words,  whoso 
e:xplosivo  sounds  are  expressed  also  at  the  ends  of  the  words  with  a  ring- 
ing voice,  best  illustrate  thia, — for  example,  rub,  hcad^  and  of/r/.    Now,  if 
it.  tried  to  pronounce  these  words  well,  he  invariably  said  ;       hen,  und 
ertff  ;  or,  rump^  hent,  and  enk.   Even  after  baying  heard  how  much  these 
aomidi  difeed  firom  tbt  nqniied,  rup,  het,  and  ek  irm  lometimM  elieited. 
But  it  was  only  neoesaaiy  to  impreis  npoii  him  that  the  fiiul  oooBonant 
should  be  expreaaed  with  a  riogiDg  ▼oioe»  and  then  it  again  beoame  eaeh 
time,  rmn,  hem,  and  eng.    If  the  aoft  exploriTe  oonaonants  were  not  at  the 
end  of  the  words,  their  sonnd  was  oharaoteristically  heard,  but  yet  it  began 
with  the  resonant ;  band  was  pronounced  mband,  door  as  adoor,  giye  as 
i^give*    On  the  contrary,  soaioely  any  deviation  was  perceptible  in  the 
pronunciation  of  the  hard  non -ringing  explosive  consonants,/),    and  k.* 

*  I  formerly  paid  much  attention  to  the  snijeot  of  artionlation,  and  was 
tharafoie  ina  position  toobserreaoonrately  the  phenomena  oooneoted  with  that 
ftmetion.  They  often  give  the  first  indication  to  the  oenlist  I  may  therefore 
be  allowed  here  briefly  to  explain  them.  When  after  a  TOwel,  prononnoed 
through  the  noee,  the  soft  explosive  oonsonant  is  to  follow,  the  nose  mnst  be 
oompletely  separated  from  the  throat,  at  the  same  moment  as  the  cavity  of 
the  mouth  between  the  lips  (with  i),  or  between  the  tongue  and  palate  (with 
d  and  g)  is  closed.    If  the  separation  does  not  take  place  at  the  same  time, 
we  hear  the  resonant^  w,  n  and  «<7,  in  place  of  the  explosive  consonants  b,  d, 
and  g.    For  the  mechanism  is  precisely  the  same  for  both,  except  tliat  in  the 
resonants  there  is  a  continuity  between  the  cavity  of  the  nose  and  that  of 
the  throat,  which  is  wanting  in  the  explosive  consonants.    Now  if  there  be 
paresis  of  the  palate,  in  the  articulation  of  the  vowels  the  nose  is  not  com- 
pletely closed,  and  it  is  evident,  that  on  the  effort  immediately  after  to  pro- 
dnoe  a  soft  ringing  explosive  oonsonant,  the  complete  eloaing  foUowa  either 
not  at  all,  or  at  least  too  late.  Instead  of  rvh,  headf  and  etfg,  we  thereibro 
hear  in  onr  patient,  rum,  hen,  and  enjf.  On  inereased  exertion  they  become 
hent,  enk  (properly  sn^Jfc— for  the  n  before  k  is  always  ng) :  the  hard 
explosiTe  oonsonant  is  added.  The  meohanism  of  this  last,  in  fact,  presents 
no  diiBoalty.   After  the  sound  of  the  Toice  has  ceased,  the  closing  of  the 
month  needs  only  to  be  interrupted  by  some  impulse  of  air,  to  make  the  hard 
explosiTe  oonsonants  heard.   The  nose  indeed  remains  open,  but  the  sound 
of  an  explosive  consonant  is  with  a  non-ringing  voice  much  stronqrer  than 
that  of  a  resonant,  and  therefore  we  hear  the  first  distinctly,  the  latter  not 
80.    Hence  it  will  be  understood  that  our  patient  had  no  difficulty  in  pro- 
ducing rupf  het,  and  ek.    For  this  the  voice  needed  only  to  be  brought  to 
silence  immediately  after  the  vowel,  then  the  resonant  was  not  heard,  and 
the  interruption  of  the  closing  of  the  mouth  caused  the  bard  explosive  oon- 
sonant to  be  heard.  If  it  be  asked,  lastly,  why  the  soft  explosive  oonsonants 
oonld  be  produoed  better  at  the  beginning  of  a  word  than  at  the  end,  the 
answer  is  simply  that  in  that  ease  tiie  doeing  of  the  eavity  of  the  month 
sad  the  remoTal  of  the  continuity  of  the  oaTitiee  of  the  throat  and  noee 
needed  not  to  take  place  precisely  at  the  same  moment.   In  pronouncing 
hand,  door,  d».,  the  cavity  of  the  month  was  first  oloaed  and,  before  the  Yoice 
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The  semipumlytie  condition  of  Uie  ptlate  led  me  to  wuppom,  that  tval- 

lowing  also  would  not  take  place  regularly.     When  questioned  on  the 

5iihject,  the  patient  stated,  too,  that  he  could  swallow  s<:»lid  food  only  witli 
gi  t  at  effort,  and  that  in  drinking  he  was  obliged  to  proceed  s:lowiy  and 
c;iutiou.>sl^'.  l  luids  passed  very  readily  into  the  nose,  and  that  uaomlij 
gave  rise  to  regurgitation  into  the  larynx,  and,  conseqnentlj,  to  cough. 

So  mnchj  as  yet,  with  respect  to  the  bojr  &. 

Soon  afker  I  had  an  opportanify  of  again  seeing  Miss  D.  Tie 
offreemetU  qfihe  phenomena  relating  to  the  palate^  epeeek,  and  ie^m^ 
tition,  with  everything  noted  above  respecting  R.,  was  striking.  The 

rattling  accessory  sound  was,  however,  less,  and  she  complained  more 
of  the  secretion  of  viscid  mucus  in  the  throat,  which  there  was  much 
diflieulty  in  removing. 

The  two  cases  here  described  kept  up  mj  interest.  There  coold^ 
it  seemed  to  me,  be  no  doubt  as  to  the  connexion  between  the  para- 
lytic symptoms  and  the  preceding  inflammation  of  the  throat, 
i'urther  investigation  appeued,  however,  desirable^  and  I  therefore 
repaired  to  Beimekom,  where  the  physicians,  Br.  Thomas  and  Mr. 
Ketting,  with  the  greatest  readiness,  gave  me  all  the  information  I 
n  (|uest('(l;  they  also  afforded  me  the  opportunity  of  examining  some 
other  patients,  in  whom  secondary  paralytic  symptoms  had  manifested 
themselves.  The  Urst  four  cases  had  proved  fatal  in  the  acute  stage 
of  the  disease. 

m.  I  saw  in  the  first  ^aoe  (on  the  10th  of  Inno)  a  girl  aged  17,  who 
bad  been  attaokod  on  tho  7th  of  April,  and  after  the  separation  of  oon- 

siderablc  gangrenous  spots,  appeared  within  a  fortnight  to  have  recovered. 
I  heard  that  immediately  after  the  inflamraation  of  the  throat,  a  slight 
lesion  of  speech  seenud  to  exist,  but  that  it  nevertlitlcss  had  not  be- 
come considerable  until  a  fortnight  later,  that  then  for  the  first  time 
the  rattling  sound  was  heurd,  and  the  nasal  tone  of  the  voice  had  become 
really  distinct.  Moreover,  tluvt  about  a  week  after  the  termination  of 
tl»e  disensc,  dilliculty  in  reading  was  for  the  first  time  observed.  This  sym- 
ptom also  soon  increased  ;  the  patient  had  always,  however,  been  able  to 
read  some  lines.  Daring  the  month  of  May  the  symptoms  oonnected  with 
■peeoh  and  si^ht  remained  almost  imohanged.   In  the  oommenoenent  of 

was  heard,  a  powerful  etfort  was  made  to  close  the  palate  by  the  way  to 
the  nose.  If  this  in  great  part  succeeded,  a  sound  was  heard,  whicli  held 
the  niediura  between  the  explosive  conscmmt  and  the  resonant,  or,  rather, 
because  tlie  closing  still  went  on  during  the  sound  of  the  voice,  it  was  as  if 
the  explosive  sound  was  preceded  by  a  resonant:  mband,  /idoor,  &c.  It 
needs  no  proof  that,  if  the  oontlnnitj  had  remained  equally  free,  at  the 
heginniag  of  the  worda  also»  in  plaoe  of  the  ezploeiTe  oonionant,  only  the 
leionant  woold  have  heen  heard. 
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J une  evident  improTement  took  place.  At  the  time  of  my  visit,  on  the  lOtb  of 
J luie,  the  moTementiof  the  palate  were  normal ;  a  rattling  acoeasory  sound 
of  the  Toiee  was  no  longer  audible.  Yet  the  naaal  tone  was  nsoally  still  per- 
ceptible in  the  pronunoiatioii  of  the  vowels ;  rub,  head,  and  eg^  were  still 
lieard  as  rump,  ketii,  and  emgk ;  sometimes  rub  was  well  pronounoed ;  head, 
never  ;  be  sounded  almost  always  as     ;  if  the  nose  was  held  doee  exter- 
nally, she  could  say  be^  de,  and  ge  better. — ^The  power  of  aocommodation 
was  still  far  from  having  attained  its  normal  range.    Myopia  existed  about 
=        Tlio  nonrest  point  still  lay,  liowcver,  at  6".    The  range  of  accom- 
modation, tlu  ruiuie,  amounted  to  ^  —  /,  =  rather  more  than  i  ;  it  oug:ht. 
at  the  jiatient's  age,  to  have  amountetl  to  luore  than  \,  and  was  consequently 
reduced  hy  about  one-half.    There  still  also  existed  difficulty  in  conlinuin«; 
reading  and  line  wuik.    On  the  whole,  the  8ynij)tonis  were  similar  to  those 
of  ordinary  asthenopia, — they  were  only  so  far  different  that  reading  was 
much  easier  when  the  book  was  held  somewhat  further  oif.    Keflex  and 
aeoommedative  movements  of  the  pupil  were  little  diatnrbed.~~After  my 
Tisit  the  improvement  steadily  progressed.  On  the  7|b  of  September  I 
reoeived  horn.  Hr.  Ketting  the  following  report  :~G.  v.  N.  again  sees  per> 
feetly  weQ }  the  pronuneiation  of  rub,  head,  and  egg,  eannot  yet»  however, 
be  ealled  quite  perfeot.  Strengthening  regimen  and  treatment 

Bespeoting  Miss  D.,  (the  patient  of  i.),  I  learned  here  that  she  eame  under 
treatment  on  the  15th  of  April,  that  the  symptoms  were  in  every  respeet 
moderate :  there  was  little  pain  in  the  throat,  there  was  but  slight  foetor,  nor 
was  there  much  swelling; — that,  nevertheless,  diphlhi  ritic  sj)o(tsliad  appeared 
in  the  throat,  that  in  this  ease  also  mineral  acids  were  employed,  whereupon 
separation  had  ensued,  and  the  patient  rapidly  recovered.  In  the  he^jiunvig 
of  the  month  of  May  she  returned  to  Utrecht.  It  has  above  (p  oW)  been 
stated  at  length  how,  some  time  suhse<|uently,  loss  of  the  power  of  accom- 
modation and  lesion  of  speech  and  deglutition  had  appeared.  In  this, 
however,  improvement  gradually  oeourred.  T  saw  her  cm  the  first  of  Sep- 
tember.  The  rattling  sound  had  quite  disappeared ;  the  uvula  was  easily 
moved ;  deglntitbn  was  normally  performed.  The  vowels  had  still  a  weakly 
nasal  sound ;  the  tone  ehanged  a  little  on  dosing  the  noee  externally.  Mub 
and  head  were  still  often  heard  as  rumb  and  hend ;  egg  was  better  pro- 
nounced.— The  aooommodative  power  had  returned  :  on  aoonrate  optometric 
investigation  the  nearest  point  was  found  for  both  eyes  at  5*,  for  the  right 
eye  at  5*V,  for  the  left,  at  5*3'.  Nor  was  elose  work  attended  with  any 
inoonvenience  whatever ;  the  pupils  were  normal.  The  headaohe,  dulness, 
fto.,  had  quite  disappeared. 

If,  Moreover  I  saw  a  boy,  oged  9,  who  had  been  attacked  on  the  16th 
of  April  witii  violent  symptoms  and  with  great  swelling  of  the  external 
glands  of  the  neek.  At  the  end  of  three  weeks  he  had  reoovered,  but  was 
still  feeble.  About  a  fortnight  later  the  lesion  of  speeeh  was  observed ;  little 
complaint  was  made  as  to  vision.  Meanwhile  he  was  and  eontinued  weak, 
and  about  a  month  after  his  illness  it  was  observed  that  he  began  to  mn 
bsdly.  On  the  9th  of  June  I  find  him  a  pale,  emaciated  boy,  with  sunken 
eyesi  somewhat  hanging  under  jaw»  unhealthy  oomplexion,  and  a  painful 
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•xpranion  of  wuiiteiuuMM.  Hii  gsit  is  tottering ;  in  romdag  ht  vStm  Ub 
oa  hit  knoet,  and  thon  finds  diffienlty  in  rising  up  again.   For  Ika  hit 

thne  days,  too.  he  ooold  not  turn  ia  bed ;  he  had  to  be  raised  in  order  t> 
be  placed  upon  his  side.  At  the  same  time  he  oomplaios  of  psia  in  the 
foieheod,  sometiBies  also  in  the  neck.   All  this  does  not  ptaraat  his  Wis; 

very  cheerful  and  gsj,  running  and  playing  about,  nop  when  aiaoBg  ha 
companions  does  he  think  of  illness.  Nevertheless  he  finds  chewing,  ao^ 
particularly  swallowinp,  esiKcially  of  solid  f«K>d,  very  difficult ;  ihtr^ 
fore  he  always  wishes  to  drink  with  his  uu  als,  the  morsel  invariablv  roes 
wrong,  the  water  comes  out  through  his  nose,  and  cough,  and  someiia.« 
nausea  and  vomiting,  ensue.  In  fine,  he  gets  but  little  food  into  his  sto> 
msoh.  His  Toioe  is  strongly  nassl,  the  rattlizig  aoceasory  sound  is  sImI 
eoastaatlj  hesrd,~ia  a  word  the  lesioa  is  the  some  as  that  above  imeAei 
at  length,  and  the  Hmited  moToment  of  the  pslste  testifies  of  a  seoupsn^jlie 
condition. — ^His  power  of  sooonmodatton  is  less  interfered  with  then  wss 
the  este  with  the  other  patients.  He  eess  well  at  a  distanoe,  and  his  aev< 
est  point  lies  at  ^.   It  ooght  to  lie  at  4'  or  3*5^ 

Stress  was  laid  upon  the  necessity  for  nourishing  diet  and  tonic  treftt- 
ment.  Qeneml  improvement  grsdually  took  place.  On  the  7th  of  Septes*- 
her  T  received  the  following  favourable  rejwrt  :  — '*  P.  v.  L.  is  again  at  school: 
he  pronounces  ruh,  head,  and  eg^  like  an  Englishman,  no  longer  totters  or 
falls  in  running  ;  all  his  movements  are  easy  and  free  ;  his  appetite  is  bettt-r 
than  it  ever  was  before ;  he  sees  acutely  up  to  G" ;  there  is  no  nsosea 
whatever." 

Of  the  case,  oommnnicated  under  ii.,  the  rssnlt  was  anfortanate.  The 
course  of  the  disease  had  been  violent,  and  wss  oombined  with  awellin|r  is 
both  the  throat  and  the  salivary  glands.  The  convalescence,  nevertheless, 
appeared  to  be  progressing  favourably.  Soon,  however,  the  lesion  of  Kpeech 
became  developed,  and  shortly  afterwards,  that  of  the  power  of  acooran3'> 
dation  supervened.  In  otlier  respectji  the  patient  now  seemed  to  be  j<rfectiv 
well,  liut  after  I  had  seen  him  at  Utrecht  (compare  p.  fiOI  )  weakness  oi 
the  limbs  set  in  ;  the  arms  became  so  powerless  that  he  could  neither  strip 
nor  dress  himself.  The  emaciation  increased,  and  difficulty  of  breathing  sot 
nnfireqnently  ocourred.  A  first  attaok  of  violent  dyspnosa  snbsided  iavev- 
■bly.  Some  weeks  later  a  seoond  Ibllowed.  In  spite  of  all  the  sti moisting 
remedies  emptoyed,  the  breathing  beoame  rtpidly  rattling,  and  the  pstimt 
died  with  symptoms  of  so-cslled  psralysis  of  the  longs,  A  poot-mortm 
examination  oonld  not  be  obtsined. 

Besides  those  here  comuuiiiicated,  I  saw  a  few  cases,  in  which 
jilso  disturbance  of  vision  had  existed,  but  where  the  power  of  ac- 
commodation appeared  to  have  abtiady  comph^tely  returned.  It  is 
remarkable  that  in  the  epidemic  in  the  village  visited  by  me,  all  those 
who  had  lecovered,  as  it  seemed  without  exception,  exhibited  paia- 
lytic  symptoms.  Sabseqiuently  in  other  places  the  mortality  was  kss, 
and  pamlysis  mnch  more  rarely  ensued.   NeyerthelesB  the  nmnber 
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of  those  who  applied  to  me  was  upwards  of  thirty^  and  in  the  majority 
of  these  the  paresis  was  confined  to  the  palate  and  to  the  aooommo- 
dation.  One  case  I  had  seen  even  before  those  related  above.  It 
was  that  of  Miss  V.,  of  Weesp,  aged  twenty,  who  called  upon  me 

for  the  second  time  on  the  17th  of  June.  Referring  to  my  note- 
l>i)()k  1  read  literally: — Diminution  of  range  of  accoiiunodation ; 
syiii])tom8  resembling  those  of  hebetudo;  hypermetropia  =  « ;  she 
1ms  also  had  apliouia,  lias  beeu  very  hoarse,  the  cavities  of  the  nose 
and  throat  communicate  permanently — these  symptoms  were  deve- 
loped after  inflammation  of  the  throaty  with  great  external  swelling, 
withont  pain,  but  with  fever  and  distress.^'  In  this  caset,  too,  I  had 
made  experiments  as  to  the  pronnndation  of  different  sounds^  and  as 
the  patient  now  stated,  had  found  that  she  had  difficulty  in  pro- 
nouncing (/,  h,  and  g  (in  game)  at  the  end  of  words.  But  at  that 
time  I  liad  not  recognised  tlie  eonnexiun  either  between  the  paralysis  of 
the  internal  muscles  of  the  eye  and  of  the  palate,  or  between  these  tw  o 
and  the  preceding  angina, — aud  therefore  1  had  retained  no  distinct 
recollection  of  the  case.  Now  she  had  completely  recovered,  with 
respect  both  to  sight  and  speech.  The  hypermetropia,  too,  had  given 
way.  Such  patients  apply^  it  appears,  to  ^  oculist  The  knowledge 
of  their  cases  is,  therefore,  important  to  him.  About  the  same  time 
Dr.  Fles  informed  me  that  he  had  been  called  at  Utrecht  in  con- 
sultation respecting  a  boy  who,  after  angina  (as  it  appeared  on  sub- 
sequent investigation,  diphtherina)  was  attacked  with  paralysis  of  the 
palate  and  of  the  muscles  of  accommodation,  together  with  incom- 
plete ptosis  and  strabismus  divergens,  all  indicating  paralysis  of  the 
oculo-motor  nerve ;  at  the  same  time,  want  of  power  of  the  lind)s, 
and  of  the  cervical  and  masticating  muscles,  had  occurred.  Only  the 
debility  of  the  musdes  of  the  limbs  remained ;  the  other  symptoms 
of  paresis  had  again  disappeared* 

Among  the  cases  wldch  afterwards  occurred  to  roe  there  were 
many  in  which  the  angina  ran  its  course  without  important  sym- 
ptoms, several  in  which  the  angina  was  not  recognised  as  diph- 
theria, and  yet  the  subsequent  paresis  of  accommodation  left,  I  am 
convinced,  no  doubt  upon  the  subject.  In  this  we  have  a  hint  to 
.  the  physician,  to  make  an  accurate  inspection  in  every  case  of  angina, 
even  when  the  symptoms  appear  to  be  of  slight  importance.  And 
let  the  oculist,  on  his  part,  never  neglect,  in  jparesis  of  accommodation, 
to  inquire  whether  angina  has  preceded  the  attack  or  not.  It  is  im- 
portant for  him  to  ascertain  this,  both  in  a  prognostic  and  in  a  thera- 
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pontic  point  of  view.  As  to  the  former,  it  us  favourable;  for  in  aT. 
tlie  cases  which  occurred  to  me,  recovery  ensued,  in  one  instance,  ngi 
imtil  ten  months  after  the  attack  of  angina,  genml  debihtj,  too, 
remaining  all  that  time.  We  most  not,  however,  conceal  the  fact, 
that  besidea  the  case  given  above,  a  second,  as  we  were  infonned,  eaded 
fatally  two  or  three  months  after  the  attad^. 

The  proxiroate  canse  of  this  paresis  after  dtpbtheria  has  not  bcca 
satisfactorily  exphiine<l.  Besides  the  contagious  character,  which  in 
thisfirrit  cjtiilt  itiie  might  appear  most  distinctly,  and  wa.s  also  qoiic 
clear  to  me,  the  subsequent  paralvtie  symptoms  also  show  e^jwiaLy, 
that  the  so-called  angina  is  a  general  disease,  and  we  may  sap- 
pose  that  the  altered  blood-cras is  has  excited  a  secondary  mortad 
process  in  the  central  organ,  wliich  becomes  the  cause  of  the  pan- 
Ijtic  symptoms:  pathological  anatomy  must  decide  the  qnestioa. 
Bestdo,  the  supposition  of  Bietonneau  deserves  oonademtioii,  who 
looks  npon  the  paralysis  as  a  secondary  symptom  of  the  moriad 
poisoning,  to  be  compared  with  the  secondary  phenomena  of  syphil:>. 
It  is  certainly  remnrkable,  that  since  strong  cauterisation  of  the 
white  sj)()ts  in  the  throat  lias  been  generally  adopted,  the  ratio  of 
mortality  has  become  more  favourable,  and  the  consecutive  |mre>is 
lias  been  of  rarer  occurrence — ^as  if  the  absorption  of  the  matters 
formed  in  the  local  process  was  in  trulli  injurious. 

I  closed  my  original  essay  with  the  following  words : — As  to  the 
treatment  of  tiie  paralysis  after  angina  diphtheritica,  little  can  as  yet 
be  said.  In  every  typical  deviation,  which  we  encounter  for  the  first 
time,  renson  is  our  guide.  It  ai)peared  here  to  recommend  tonics — 
of  w  hu  h^  in  ireneral,  our  age  has  need.  Has  experience  also  as  yet 
expressed  any  opinion  ?  I  would  not  venture  to  assert  it.  It  \l\<, 
however,  been  found,  that  with  nourishing  diet  (to  ensure  which, 
under  the  existing  difficulty  of  chewing  and  swallowing,  douUe  cue 
most  be  taken),  combined  with  tonic  medicines,  complete  recoveiy 
has,  in  the  great  majority  of  cases;,  been  the  result"  Now  I  may 
add  that  these  inferences  have  been  fully  confirmed  by  later  cases. 
Under  the  use  of  sulphate  of  quina  combined  (the  digestiYe  otgsm 
being  in  a  normal  state)  with  small  doses  of  sulphuric  acid,  some- 
times also  of  preparations  of  iron,  and  with  due  alieniion  to  nutri- 
tious diet,  the  lesion  almost  invariably  gave  way  within  a  couple  of 
months. 

The  jihenomena  of  paresis  after  diphtheria  have  been  ascribed  to 
general  debility.  This  explanation  appears  to  me  to  be  unsatiafactoiy : 
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tlie  very  circumstance,  that,  besides  the  softpdat*',  frequently  only  the 
aocommodation  and  the  sphincter  iridis  have  suffered,  must  lead  us 
to  suspect  the  existence  of  a  special  process.    It  is  true  that  after 
considerable  loss  of  bloody  and  after  exhausting  diseases^  the  accom- 
modation is  often  serioasly  affected^  that  then  in  the  slightest 
degrees  of  hypeimetiopia^  and  e?en  in  emmetiopia,  ajmptoms  of  asthe- 
nopia are  not  nnfreqnent;  but  in  such  cases  the  whole  nrascokr 
system  also  exhibits  a  proportionate  condition  of  debility.  After 
ctiphtheria,  on  the  contrary,  we  often  observe  the  want  of  pro- 
portion in  this  respect.    If  individuals  are  sometimes  weak,  there 
are  others  wlio  feel  perfectly  well,  have  resumed  their  work  and  run 
for  hours,  while  the  paresis  of  accommodation  continues.  They 
complain  of  nothing  else  than  lesion  o^ vision,  and  for  it  applj  to  the 
ociUist.    Further  information  we  can  expect  only  from  anitonicaL 
investigation^  the  opportunity  for  which^  fortonatdy^  rarelj  presents 
itaelf. 


39 
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SPASM  OF  ACCOMMODATION. 

§  48.  Myotics  and  Myosis. 

Tbm  year  just  elapsed  has  put  ns  in  powesrion  of  a  myotacj  vbidi 

imm^iately  proved  itself  an  able  op{)oneiit  of  the  best  mydiialieB. 
It  is  the  ordeal  bean  of  old  Calabar,  obtained  from  the  Phi/so^tii/ma 
venenosnm  (Balfour),  belonging  to  the  Leguminos?E.  This  remedy 
has  at  once  superseded  all  myotics,  before  tried  or  recommended  as 
such.  The  preparations  so  far  known,  and  sent  to  me  arc — a  dark 
blown  alcoholic  extract,  two  sorts  of  paper,  brown  and  violet  (pre- 
pared aooording  to  Straatfeild'B  method),  and  two  edntieiia  of  the 
extract  in  gljceiine^  a  weaker  c  and  a  stronger  ^f.  On  ihe  last  we 
read — 1  Minim  eqnal  to  4  graina  of  Bean.'' 

Among  the  principal  phenomena  observed  after  the  appUcaikii  ef 
these  agents  to  the  conjunctiva,  coniraction  of  the  pupil  and  9pam 
of  accommodath)>i  are  the  most  prominent. 

The  first  effect,  immediately  after  the  application,  is  a  brief  irrita- 
tion; upon  this,  after  the  lapse  of  four  minutes,  shght  spasms  super- 
vene in  the  lower  eyelid.  The  contraction  of  the  pupil^  and  almost 
aimnltaneouslyj  the  spasm  of  accommodation  now  follow. 

The  etmfyroBiumi  after  a  sufficient  doee  (i  drop  of  ^,  diluted  or  not 
with  water),  commenoes  after  from  fi^e  to  ten  minutesy  attains  its 
maximum  after  f^m  thirty  to  forty  minutes,  at  whicii  it  remains 
only  a  short  time,  diminishes  slowly  after  three  hours,  and  disapj)earp 
entirely  in  from  two  to  four  days,  occasionally  being  replaced  even  by 
some  dilatation.  The  whole  process  is,  therefore,  more  rapid  than 
that  of  tlie  effect  of  atropia^  probably  in  consequence  of  a  greater 
power  of  imbibition.  The  subjoined  Figures  170  and  171  (compavs 
those  of  the  action  of  atropia  at  pp.  585  and  586)  indicate  the  oonne 
of  the  Gontraotion  in  Mr.  Hamer.  f^.  170  extends  over  two  hoars; 
Fig.  171  over  three  days.  The  action  was  moderately  strong,  and  was 
almost  puinless.  Tlie  pupil  I  measured  with  the  ophthalmometer, 
always  with  equal  illumination^  and  I  directed  the  whole  investigation. 
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Tig,  170. 


With  respect  to  the  contraction  and  the  phenoinena  connected  with 
it  the  following  are  to  be  noted  : — 

a.  The  diameter  of  the  pupil  becomes  still  less  (from  1 J  to  2  mm.) 
than,  in  the  normal  condition,  with  the  strongest  light  which  can  be 
borne  and  with  the  most  powerful  accommodation  (von  Graefe). 

6,  The  influence  of  the  light  does  not,  however,  cease ;  one  can 
casfly  observe  in  himself  particularly  the  consensual  contraction, 
employing  the  entoptic  method,  by  closing  and  opening  the  other 
eye  (compare  p.  197),  as  von  Graefe  also  did.  The  movements  are 
slow ;  the  consensual  contraction  lasts  three,  the  consensual  dilata- 
tion lasts  four,  seconds  (compare  p.  578).  Moreover,  the  pupil  at 
the  same  time  often  appears  to  be  somewhat  angular.  It  is  in  the 
middle  like  a  crape,  and  has  a  tolerably  sharply  circumscribed,  more 
strongly  illuminated  diffuse  border  (Fig.  172  A),  which  on  consen- 
sual contraction  is  broader  (B),  and  has  a  dark-green  tint,  while  the 
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middle  of  the  surface  appears  yellow.    (In  the  entoptic  obsenration 


Fig.  171. 


the  figure  is  seen  inverted,  but  it  is  here  (Fig.  172)  inverted,  and 
therefore  gives  the  true  form  of  the  pupil  for  the  left  eye). 

c.  Especially  in  the  commencement  of  the  contraction  involuntaiy 
spasmodic  vibrations  occur  in  the  diameter  of  the  pupil. 

d.  The  illumination  of  objects  is  feeble,  with  an  unusual  brownish 
tint  (Bowman).  The  effect  is  similar  to  that  of  solar  eclipses,  in 
which,  notwithstanding  sunshine  with  its  usual  strongly  contrasting 
shadows,  the  light  is  unusually  feeble.  If  the  instillation  has  been 
perfonncd  on  only  one  eye,  the  great  difference  in  illumination  is  best 
seen  on  doubling  the  image  by  a  prism  (compare  p.  133). 

e.  The  circles  of  diffusion  of  a  poiut  of  Hght,  situated  beyond  the 
distance  of  distinct  vision,  become  less  the  smaller  the  pupil  is, 
and  vision  therefore  becomes  much  less  diffuse  beyond  the  limits  of 
jiccommodatioD. 
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f.  After  the  disappearance  of  the  myosis  the  pupil  sometimes  be 
comes  somewhat  larger  than  before. 


Fig.  172. 


The  spam,  of  accommodation  appears  from  the  altered  position  both 
of  the  farthest  (Figs.  170  and  171  rr)  and  of  the  nearest  {p p)  point 
of  distinct  vision,  drawn  above  the  absciss  a  a!.  The  said  curves 
exhibit  the  whole  course  of  both.  We  have,  moreover,  to  note  the 
following : — 

a.  In  the  determination  of  the  farthest  point  clonic  spasms  of 
accommodation  alternately  arise,  so  that  objects  appear  with  the  same 
glass  (at  a  distance)  alternately  distinct  and  diffused.  Now  the 
points  of  the  curve  r  r  correspond  to  the  moments  of  relaxation.  In 
an  hour  after  the  employment  of  the  myotic,  the  accommodation  is 
again  completely  under  control.  The  curve  r  r  shows  further,  that 
with  a  moderate  dose,  pain  being  virtually  absent,  the  farthest  point 
has  still  approached  the  eye  from  56"  to  7''*3,  that  is  to  nearly  two- 
thirds  of  the  absolute  range  of  accommodation,  originally  present. 

b.  The  determination  of  the  nearest  point  was  effected  with  the 
aid  of  the  most  perfect  optometrical  instruments.  The  course  of  the 
points,  as  shown  by  these,  is  very  satisfactory.  In  an  earlier  experi- 
ment of  Mr.  Hamer  the  action,  after  the  application  of  a  piece  of 
Calabar  paper  too  strongly  impregnated,  was  much  more  violent,  the 
painful  spasms  lasted  more  than  six  hours,  and  the  pain  increased  so 
much  on  endeavouring  to  accommodate,  that  the  idea  of  determining 
the  nearest  point  was  given  up. 

c.  The  figures  show  that,  with  diminution  of  the  action,  the  range 
of  accommodation  is  absolutely  increased,  most  considerably  after 
about  100  minutes  (Fig.  170),  and  that  this  increase  diminishes  onlj 
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slowly  (Fig.  171).  In  a  previous  mvestigation  aa  increaaed  lange 
of  accommodataon.  was  found  also  at  the  commencement  of  the  wdkm, 
tiw  influence  on  the  nearest  point  being  in  the  first  period  greater 
than  on  the  futhesL  In  the  obeenration  vq^ieaented  bj  Fig.  170, 
rather  the  opposite  took  phMx. 

d.  The  great  effect  npon  the  accommodation  with  slight  impnlse  of 
the  will  is  very  important.  This  is  still  strongly  felt  when  the  farthe:rt 
point  has  again  returned  nearly  to  its  original  position  :  105  minute? 
after  the  application,  the  point  of  distinct  vision  lay,  with  con- 
veigenoe  to  10',  for  the  right  eye  naturally  at  10';  for  Uieleft,  on  the 
contraiji  at  ^I'^'d,  thus  nearly  attaining  the  absolute  nearai  point ;  after 
the  lapse  of  three  hows  and  a-half,  the  said  point  hj,  with  amiilar 
cmetgiBaoe,  at  6^6;  after  nearly  seven  hoori,  at  O^'S ;  after  ntficr 
more  than  eleven  honrs  at  S^'S; — and  so  long  as  the  range  of  aooom- 
modation  remained  greater  in  the  left  eye,  some  difference  in  accom- 
modation continued  perceptible  also  with  equal  convergence  of  the  two 
eyes.  (It  was  determined,  what  negative  glass  the  eye  which  had 
nndergone  instillation  must  have  before  it,  in  order,  in  looking  at  10' 
and  with  rapid  alternation  pushing  the  hand  before  each  of  the  e\&, 
to  obtain  equal  shaipness  of  letters  and  of  optometer-wires.)  The 
felati?e  aooommodation  haa^  therefore^  approached  to  that  ol  hyper- 
mebopes :  mneh  aocommodation  with  al^^t  oonwgeiux^— the  re> 
▼erw  of  what  is  met  with  under  the  inflnenoe  of  atropia. 

e.  In  the  condition  despribed  under  d,  the  determination  of  the 
nearest  point  with  horizontal  and  vertical  lines  presents  more 
difference  than  usual  (Bowman).  This  apparently  exalted  astigma- 
tism is  certainly  in  part  dependent  on  the  greater  diflearenoe  in 
refraction  with  difference  of  convergence  (compare  p.  451). 

/*  So  long  as  with  a  given  tension  aocommodation  takes  place  for 
a  ahorter  diatanoe  than  nana],  objecto  appear  laiger  (macropia),  jnat  aa 
in  the  opposite  ease  (compare  p.  587)  they  appear  amaller  (mieropia). 

^.  The  increased  refraolion  on  relaxation  nsoally  lasts  in  any  percep- 
tible degree  only  an  horn*.  With  a  very  large  dose,  which  prodnoea 
persistent  and  violent  pain,  it  may  last  many  hours.  With  a  small 
dose  considerable  contraction  of  the  pupil,  without  any  very  percep- 
tible influence  on  the  accommodation,  might  be  obtained. 

Finally^  it  remains  to  be  stated :  thai,  according  to  von  Graefe, 
1^  the  acuteness  of  vision  sometimes  diminishes,  particolarly  in.  the 
period  of  development  of  the  apasm,  probably  in  conseqiiBiiee  of  in- 
Inffldent  atabihty  of  aocommodation^  in  any  ease,  indepeBdeatiy  of 
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the  vuA  of  from  ooiuArietioii  of  the  pupQ ;  2*  thai»  also  in 
deftci  of  the  irUj  tbe  influence  on  lefiraction  and  aocommodation 
renudns  the  same. 

Tbt  action  of  Calabar  is  not  equally  great  in  all  animals.  In  this 
respect  it  presents  much  analogy  to  Belladonna,  inasmuch  as  in  man, 
and  moreover  in  the  dog  and  cat,  a  high  degree  of  myosis  is 
oV>tained,  even  with  small  doses^  while  in  the  rabbit,  as  in  birds, 
and  fsapeciaUj  in  ampbibioas  animals  and  fishes,  a  slighter  effect  is 
observed.  With  a  stronger  dose  too,  than  we  can  employ  in  man, 
still  stronger  mjosis  is  obtained  in  these  (von  Gnefe).  Immobility 
of  the  pnpil  we  ooold  not  obtain. 

With  respect  to  the  mode  tfadkm,  simihir  experiments  lead  to  a 
HlDe  conclusion  as  in  the  case  of  mydriatics.  As  to  transition  into  the 
aqaeous  humour,  however,  von  Graefe  could  not  directly  satisfy  him- 
self from  the  myotic  action  on  instillation  into  the  eye  of  another 
aniraal. — After  repeated  strong  application,  however,  it  succeeds,  if 
the  discharged  fluid  is  long  kept  in  contact  with  the  eye  into  which 
it  18  chopped. 

We  have  also  been  speeiallj  engaged  in  the  investigation  of  the 
question,     ike  mienmUitm  ofwkai  menei  the  CSslahar  acts. 

It  is  qotte  evident  that  spasm  of  the  m.  sphincter  pupilhs  ensnes. 
Indeed  the  high  degree  of  contraction  renders  paralysis  of  the  dilator 

muscle  alone  insufficient  to  explain  it;  and  the  increased  refraction,  in 
which  a  more  powerful  action  of  the  muscles  of  accommodation  is 
included,  puts  altogether  beyond  doubt  a  spasmodic  contraction  of 
the  sphincter  pupiUs,  as  being  governed  by  the  same  nerve  as  the 
ciliaiy  mnsde^  and  associated  with  it  in  its  action:  moreover,  accord- 
ing to  oor  experiments  npon  rabbits,  after  division,  both  of  the  sym- 
pathetic nerve  and  of  tbd  trigeminns,  the  contraction  of  the  pnpfl 
under  the  influence  of  Calabar  still  increases  considerablj.  The 
nerve  allnded  to  is  the  ocolo-motor  nerve^  end,  more  espedaUj,  the 
short  root,  which  this  nerve  sends  to  the  ciliary  ganglion.  It  is 
opposed  to  our  idea  of  the  similar  nature  of  all  ncrvc-libres,  that  a  par- 
ticular substance,  as  Calabar,  should  have  on  some  fibres  a  paralysing, 
on  others  a  stimulating,  and  still  more  a  tonic  stimukting,  influence. 
Consequeutlj,  in  Una  case  also,  we  prefer  to  assume  (compare  p.  590) 
an  action  upon  specific  nerve-cells  present  in  the  eye  itadL  With  a 
stimulated  condition  of  this  internal  dliaij  system,  however,  as  we 
have  seen,  incrased  action,  both  vohmtary  and  reflex,  is  not  excluded, 
—quite  analogous  to  the  eiEsct  of  sliycfania  upon  ▼oiuntarj  muscles. 
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Bimofcaocaqr  to  Aaw,hamhit  UieCikbir enniMiqpailk 
diktor  niiBde  alio  llie  opposite  TiiflnwM^  of  aliopHL  In  ^  Inl 
place,  ft  oertaiiilT  does  not  give  rise  to  complete  parahrBu  of  Ihii 

muscle;  for  after  long  and  repeated  application  of  CaJabar,  stimu- 
lation of  the    sympathetic  nerve  in  rabbits  and  in  dogs  alwajs 
still   produced  some  dilatation  of  the   pupil.     We  perfonnd, 
MDong  others,  the  following  ezpedment: — the  nerros  trigeminoa 
was  divided  on  the  left  side, — ^insenaibilitj  of  tiie  eje  and  oob- 
tncdon  of  the  popil  eDsnod;  the  cemcai  ajmpathetic  nem  cl 
the  sane  aide  waa  lliiee  timwp  rfatimlMfftii^  rarh  tkne  time  vai 
dflatation  of  the  pupil ;  it  was  then  divided^ — ^the  pupil  appealed  al3l 
moie  oontneted  than  before  the  atimnlation ;  in  both  ^es  OaUMfr  (} 
drop  of  c')  was  long  kept  in  contact, — after  eight  minutes  there  was 
incipient,  at  the  end  of  fifteen  minutes  there  was  the  strongest  con- 
traction, greater  on  the  left  side  ;  after  the  lapse  of  eighteen  minuter 
there  were  spasms  of  the  extremities^  difficulty  of  breathing,  impend- 
ing suffocation;  artificial  leapiration  was  kept  up,— ^oor  minutes  later 
death  ensued  'with  slight  spasms  of  the  limbs ;  the  sjrmpathetic  was 
again  imtated,— dilatation  of  the  pupil  atiil  inmiaUj  followed. 
liau,  after  dow  death,  in  oonaeqoence  of  poiaoning  hj  the  inatiDa- 
tion  of  Galabar,  the  sympathetic  nerve  in  the  efe  is  stiU  excitable. 
Consonant  to  this  is  the  fact,  that  on  division  of  the  oenrical  sjm- 
pathetic  nerve,  before  or  after  the  employment  of  Calabar  on  both 
sides,  the  pupil  appears  smaller  on  the  side  on  which  the  nerve  is 
divided. — We  supposed  that  the  action  of  Calabar,  in  cases  of 
paralysis  of  the  oculo-motor  nerve,  would  elucidate  the  question  still 
forther.   In  different  quarters  it  was  obaerved  that  this  paralysis  did 
not  prevent  the  myotic  action.   In  a  fiiat  caa^  in  which^  in  the  oidi^ 
aaij  umatagatbn,  the  pupil  appeared  abaolatelj  immovable^  some 
mobiliij  waa  still  seen,  onder  strong  incident  lights  in  observatioii 
with  the  ophthalmometer :  the  paralysis  waa  therefore  not  complete, 
and  we  consequently  desisted  from  an  investigation  which  promised 
no  certain  result.    In  a  second  case,  in  a  lady  aged  32,  there  was 
absolute  paralysis  of  the  whole  right  oculo-motor  nerve,  which  had 
set  in  gradually  six  weeks  previously,  after  repeated  complaints  of 
headache  for  four  years,  often  combined  with  erysipelas  of  the  right 
half  of  the  foce;  in  this  instance  the  strongest  incident  li^  on  one 
or  both  eyes  gave  no  appearance  of  oonbaetioii  on  this  side.  The 
Oslabar  employed  (the  extract),  however,  produced  contrBction» 
as  strong  as  nsoal^aa  the  subjoined  figure  (173)  shows^  and  at 
the  aame  time  somewhat  increased  refraction.   Now,  we  were  disap- 
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pointed  in  so  far  as  this  considerable  contraction  teaches  nothing 
i^especting  the  influence  of  the  sympathetic  nerve;  for  evidently 


Fig.  173. 


spasm  of  the  sphincter  muscle  is  at  the  same  time  in  operation.  But 
such  local  spasm,  where  there  is  complete  paralysis  of  the  trunk  of 
the  oculo-motor  nerve,  is  still  an  important  phenomenon :  in  the  first 
place,  because  it  confirms  the  fact  that  the  Calabar  acts  by  direct 
contact ;  and  in  the  second  place,  because  this  action  cannot  well  be 
imagined  to  occur  otherwise  than  by  the  intervention  of  a  ganglionic- 
cell-containing  centre  in  the  eye. — Meanwhile  it  is,  on  other  grounds, 
more  than  probable,  that  Calabar,  if  it  does  not  paralyse,  at  least 
lowers  the  action  of  the  sympathetic  nerve.  When,  in  fact,  by  a 
moderate  action  of  Calabar,  the  accommodation  is  brought  at  most  by 
half  into  tonic  tension,  the  pupil  is  already  narrower  than  with 
intense  light  and  strong  accommodation ;  and  this  half  takes  place 
without  the  sphincter,  which  continues  sensitive  for  reflex  and 
accommodative  impulses,  attaining  the  maximum  of  its  action :  con- 
sequently, without  diminished  action  of  the  dilator,  such  strong 
contraction  is  not  explicable.  The  circumstance,  too,  that  the  con- 
traction of  the  pupU  continues  for  a  few  days  in  so  much  a  higher 
degree  than  the  spasm  of  accommodation,  is  in  favour  of  a  diminished 
action  of  the  radial  fibres,  and  consequently  of  a  lowering  influence 
of  the  Calabar  upon  the  sympathetic  nerve. 

There  was  no  evidence  of  a  special  action  on  the  trigeminus  and 
on  the  vaso-raotor  nerves  of  the  iris ;  we  observed  only  that  on  the 
side  on  which  the  trigeminus  was  divided,  the  action  of  Calabar  was 
not  less  distinct  tlian  on  the  other  side. 

The  struggle  between  atropia  and  Calabar,  when  applied  simul- 
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taneoasly,  or  soon  after  one  another,  is  remarkable.  When  applied 
together,  some  contraction  of  the  pupil  and  spasm  of  accommodatioD 
first  occur,  as  the  effect  of  Calabar.  The  spasm  of  accommodation 
still  continues,  when  the  action  of  the  atropia  on  the  iris  gains  the 
upper  hand,  and  the  pupil  consequently  becomes  wider.  Von  Graefe 
in  particular  has  investigated  how,  when  employed  consecutively  to 
the  action  of  atropia,  that  of  Calabar  may  become  intercalated.  He 
showed  that  in  we^ik  action  of  atropia,  and  in  the  period  of  dimi- 
nution of  its  strong  action.  Calabar  is  capable  of  temjwrarily  con- 
stricting the  pupil  and  increasing  the  refraction,  and  that  after  the 
giving  way  of  these  phenomena,  the  more  tedious  atropia-prooess 
again  foUows  its  regular  course.  We  were  particularly  desirous 
to  ascertain  whether,  w  ith  absolute  atropia-paralysis  of  the  sphincter 
and  of  the  muscles  of  accommodation,  a  powerful  employment  of 
Calabar  still  has  influence;  and  this,  in  fact,  we  most  distinctly 
found  to  be  the  case,  observing,  moreover,  that  this  influence  was 
still  greater  upon  the  refraction  and  accommodation,  than  upon  the 


Fig.  174. 


diameter  of  the  pupil.    Fig.  174,  an  observation  on  the  eye  of  Mr. 
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Miiller,  surgeon  in  the  navy,  furnishes  an  example  of  this  :  accord- 
ing to  the  cross,  on  the  absciss  aa!,  137  minutes  after  the  apphca- 
tion  of  atropia,  wliile  p  and  r  coincided  and  the  mydriasis  had 
attained  its  maximum.  Calabar  was  dropped  in, — and  ten  minutes 
later  the  refraction  ascends  (rr),  accommodation  is  again  present 
(p p),  and  at  the  same  time  the  diameter  of  the  pupil  is  a  little 
diminished.  In  a  second,  likewise  very  practised  observer  (Mr. 
van  Leent,  surgeon  in  the  navy),  the  effect  of  Calabar  was  on  the 
first  day,  and  particularly  on  the  second  day,  after  the  renewed 
application  of  atropia,  much  stronger  still.  Notwithstanding  that 
the  pupil  contracted  only  slightly,  he  could  each  time,  after  some 
rest,  read  for  a  few  moments  No.  li  of  Snellen's  test-types  at  12"; 
and  the  nearest  point  was,  in  fact,  determined  at  about  from  14"  to 
16",  while,  on  relaxation,  his  usual  slight  hypermetropia  had  given 
way  to  emmetropia.  After  the  cessation  of  the  action  of  the  Calabar, 
that  of  the  atropia  was  in  these  three  accurately  investigated  cases, 
after  fourteen  days  or  longer,  still  recognisable  from  the  wider  pupil, 
— in  itself  a  proof  that  the  mydriatic  had  been  strongly  applied. 
Hence  it  appears,  that  the  paralysis,  produced  by  a  specific  agent, 
may  be  overcome  by  the  eflect  of  another  specific  agent,  even  in 
such  a  way  that  voluntary  action  again  becomes  possible. 

The  subjoined  Figure  175  indicates  the  influence  of  atropia  on  the 


Fig.  175. 


pupil,  fifty  minutes  after  the  employment  of  Calabar :  the  complete 
dilatation  of  the  pupil  is  produced  evidently  somewhat  more  slowly. 
Bather  more  than  three  hours  later  Calabar  is  again  dropped  in  in 
the  same  person  (Dr.  Land).    The  existing  hypermetropia  of  ©en- 
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tiidij  giTM  waj,  for  a  short  imM  spasmodic  mjopia  oeeon^  and  with 
ttunretgenca  ondonbtedljr  aoooiiiiiiodatioiiy  whidi^  hovefor,  jwt  mm  m 
the  pranoaa  euetf  is  not  parfisetly  vaadet  oontnl,  and  after  a  km  ii 
moitibeeoiiiMfiiKkigiied.  Hie  pupil  al  tiie  anne  time  beeonei  soae- 

what  narrower  «=  6*75.  On  the  following  day  H  is  again  tlie 
pupil  is  somewhat  movable.  After  seven  days  the  pupil  =  6*35  ;  it 
is  not  until  the  seventeenth  day  that  both  papils  ue  equals  =4*37 — 
thus  less  than  at  the  commencement. 

On  the  diaooveij  U  ths  physiological  action  of  Calabar^  it  fol- 
lowed as  a  matter  of  coarse  that  this  agent  should  be  tded  m 
various  anomalies.   In  the  fiist  placi^  it  is  fimnd  to  be  umAiI  ta 
lesNO  the  inoonveiiienoe  of  atropia-mjdriBds;  and  aooofdiiig  to 
T.  Giaefe  the  aliopia  process  msj  be  shwfteoed  by  a  ayslfinatic  em* 
ployment  of  the  Calabar.    Howfcr  it  may  lead  to  cure,  or  at  least 
iilFord  permanent  benefit  in  paralysis  of  accommodation  and  in 
mydriasis,  in  which  its  use  had  already  been  suggested  by  Robertson, 
experience  only  can  decide.    But  it  is  certainly  important,  that  in 
ordinary  paralysis  of  accommodatioDy  whether  self-eaustiiigy  or  con- 
nected with  further  paralysis  of  the  oculo-motor  nerve  (in  cerebral 
mydriaaia  the  effect  of  Calabar  is  fonnd  to  be  entiiely  absent), 
tbe  pupil  ia  contracted  and  the  refraction  is  incfessed  by  Oskbsr:  in 
a  esse  of  nnflateial  psieris  of  accommodation  wliieb  occnind  to  me, 
and  which  yeiy  mndi  interfered  with  bhioenlsr  Tisbn,  tiie  inconve- 
nience was  completely  removed  by  a  glycerine  solution  diluted  with 
eight  parts  of  water,  used  once  daily.    Thus,  too,  the  myosis  con- 
nected with  the  weak  action  of  Calabar,  may  often  be  useful  in  many 
cases  where  a  stenopeic  apparatus  improves  the  sight  (compare  pp. 
128  0L  4eq,),  as  in  diffusion  of  light  (opacities  of  the  cornea,  &c.),  in 
inegolsr  astigmatism  (keratoconus,  luxation  of  the  lens,  &c.);  (com- 
pere pp.  663  0^.  ieq,),  farther  in  aphakia^  cspedslly  when  the  pUme  of 
the  pupil  is  not  dmr.  The  imptovement  of  the  acutenen  of  viaibn  in 
ordinsiy  ametropia  is  indeed  remsiksble:  precisely  with  very  wesk 
action  of  Calabar  myopes  distinguish  much  more  accnrstely  at  a  dis- 
tance, and  hypermetrope^,  under  the  double  advantage  of  smaller 
circles  of  diffusion  and  of  easier  tension  of  accommodation,  lose  for  a 
time  their  asthenopia. — The  great  question,  which  practice  has  to 
answer  is^  whether  Calabar  is  permanently  as  harmless  for  aooom* 
modation  as  atropia  is,  and  whether  the  conjunctiva  will  perma- 
nentiy  beer  its  iq^ted  application*   Until  these  pdnts  are  decided^ 
the  Intnxe  of  Cali^  in  therapentics  cannot  be  foi^old. 


\ 
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I  have  now  to  add  onlj^  that  Ghaefe  has  advantageoiisly  applied 
the  contnction  of  the  pupil  in  glaaooma,  in  order  to  &ciHtate  the 

perfonnance  of  iridectomy,  and  that  in  his  opinion  the  alternating 
action  of  Calabar  may  probably  contribute  to  tear  synechice. 

The  want  of  an  e£Scient  myotic  was  long  felt  in  ophthalmic  surgery.  But 
the  longer  it  was  unsnpplied,  the  feebler  must  the  hope  of  tinding  such  have 
become.  It  is  true  that  all  myotic  action  could  not  be  denied  to  the  agents 
which  were  formerly  placed  in  this  category  :  Semen  Santonicum  (Ilimly), 
Daphne  Mezerenm  (Hahnemann),  Niootiana  Tabacum  (Heise),  Aconitum 
Kapelliu,  Seoale  Comutum,  &c. ;  but  their  stimulating  aotion  was  in  itself 
inffioinit  to  IbrUd  tlivir  employment  la  prtotiee.  The  mao  eonduiion 
was  anived  at  by  myself  with  Dr.  Kuyper  (/.  e.)  in  a  lytteoiatie  inratiga- 
tiiQii  with  reipeet  to  niootuiy  ooaia,  aztraot  of  aooaite,  and  digitelina ;  and 
Ad.  Weber  (ViurhmMm^  iervonSbit^  Sqdemhtr,  IW9,  m  MridMber^ 
venammelten  jiwg$nSnt$,  Berlin,  1860)  had  to  pay  the  penalty  of  an  attaek 
of  keratitis  for  en  Impendent  application  of  digitaline  to  his  own  eye. 
Fresh  toheeeo  leayes  appeared  to  be  somewhat  better  borne.  Finally,  a 
subcutaneons  injection  of  morphia,  in  which  von  Oraefe  {DeuUehe  KUntk, 
20  April,  1 861 )  discovered  a  tolerably  powerful  agent,  not  only  for  contracting 
the  pupil,  but  also  for  increasing  the  refraction,  was  also  certainly  inap- 
plicable to  this  special  object. — In  the  Calabar  the  wished- for  agent  appears 
to  have  been  bestowed  upon  us.  The  general  effect  of  this  ordeal  Bean  had 
already  been  studied  by  Dr.  Daniell  (1846),  and  more  fully  by  Christison 
(1855) ;  van  Hasselt  had  also  (1856)  found  myosis  to  be  a  prinoipal  symp- 
torn  hi  Ite  g&aml  aetion,  when  Thomai  Vnan  (DitM,  itm^^  defended  at 
Edlnbniyh  on  the  Slit  July,  1862)  dlieoTered  tiiat  Ite  leeid  application 
eontraete  the  pnpl,  and  Dr.  Argyll  Robertm  (Edin^ur^  MtHeihChir' 
urgM  BoM^f  4th  Febrnary,  1863),  pointed  ent  He  Infinenee  en  aeecmi- 
nodation,  and  introdnced  the  Calabar  as  a  new  remedy  into  ophthalmologioel 
practice.  Upon  this  followed  inToatigations  by  Barley  (cent  Med.  Tinm 
and  Oazettej  20th  June,  1863),  especially  with  respect  to  its  general  aotion, 
with  some  additional  remarks  by  Hulke ;  moreover  by  Bowman  and  by 
Soelberg  Wells  (Jtfcf/jcrt/  Times  and  Gazette,  16th  May,  1 863) ;  lastly,  by 
von  Graefe  {Deutsche  Xlinik,  1863,  No.  29,  and  Archiv  f.  Ophthalmologies 
B.  ix.),  Hamer  {Oenecskundig  Ttjdschrijlf  July,  1863),  Rosenthal  {Archiv 
f.  Anatomie  und  Physiologie,  Jahrgang,  1863),  and  Sohelske  {KHnisehe 
MonaUhldUer  f,  AugenheUkundef  1863,  p.  380) ;  and,  in  oonoert  with  Mr. 
Hamer,  I  haft  eentfamed  thenu  Onr  oljeet  wae,  rather  by  the  aocoracy 
than  hy  the  nnmlwr  ef  ear  exparlmenti,  In  lisllowlng  up  the  profioaa 
TalnaUe  inyettigationf,  Mwaewhat  to  Inereaee  enr  knowledge  ef  thie  re- 
aiaihehlii  agent  The  prindpal  leeolfei  of  enr  raeeerohee  are  eompriaed  In 
the  fnegoing  pegee. 
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(49.  Spasm  op  Aooommoiution. — ^Mtoos. — ^PABrpUL  Aooono- 

DATIOX. 

We  liave  to  disiinguuli  diflbrent  forms  of  spftsm  of  accommcA- 

tion.  That  which  most  frequently  occurs  is  nothing  else  than  id 
exalted  tone  of  the  muscles  concerned  in  tlie  hitiir  function-  In 
healthy  emmetropic  eyes  tliis  tone  is,  keeping  in  view  the  extremdj 
slight  diminution  of  refraction  in  atropia-paraljaifl^  imdoubtedlj  fcij 
tziilmg.  On  the  other  hand,  we  have  in  hjpermetropia  found  a  po^ 
iMiwoitaDMi,  whidi  wboiljor  paitiallj  oonoetb  tlieabiiQniial  ooadi- 
tion:  Heneiutoidjmyntoeof  IheaooommodatioQ, 
fon  be  destrojed  bj  the  paralysing  influence  of  the  wtmpm^  Hie  b- 
ereased  tension  is  here  the  natenl  resolt  of  the  persistent  eflbii  toom- 
come  the  existin?  anomaly  of  refraction.  In  amblyopes  and  astigmiliei 
where  the  s;inie  sometimes  occurs,  it  i>  explicable  by  the  constant  en- 
de;ivoiir,  in  accommodating  for  the  nearest  point,  to  see  the  smaller 
objects  under  a  greater  angle*  It  is  less  evident,  how  myopes  ak» 
aoqniie  a  tome  spasm  of  their  accommodatioB.  That  this  not  nn- 
fteqpently  occnis,  especially  when  the  ejesare  in  nstaie  of  initatai% 
we  bave  abeadf  obeemd.  Dr.  l^es  now  infbnns  me^  and  I  leadilf 
belieYe  it^  that  be  met  with  tins  condition  in  manj  cases  in  young 
pefBons,  especially  in  boys,  wbo  bad  been  prepared  for  an  examina- 
tion at  one  of  the  military  schools.  Partly  irritation  of  the  eye, 
reflected  on  the  accommodating  system,  partly  excessive  tensicm 
of  accommodation  during  the  constant  work,  particularly  with  defec- 
tive hght,  may  be  the  cause  of  it.  It  is  invariably  the  paralysis  bj 
atropia  which  ie?eal8  its  existence.  In  young  children  under  tbeK 
dreomstancei^  I  have  seen  slight  degrees  of  myopia  gi?e  way  even  to  ' 
liypermeliopia,  so  extremely  sensitiTe  is  tbeir  play  of  aooommodatkn. 

Tbe  tooie  spasm  of  wbkih  we  bare  bere  beoi  speddng,  sddosi 
acquires  mndi  pathological  importance.  In  myopia  we  most  attend 
only  to  the  accompanpng  symptoms  of  irritation ;  in  hypermetropic 
we  must  recognise  it,  in  order  to  direct  the  optical  treatment 
accordingly. 

We  must  here  once  more  remind  the  render,  that  von  Graefe,  where 
there  was  an  attempt  to  relax  the  accommodation,  thinka  that  he  has 
sometimes  established  the  existence  of  an  involuntarily  *y]tftdj  and 
therefore  spasmodic,  action  (compare  p.  351),  and  that  some  ?ciy 
al^htly  myopic  personfl^  who  endeaTooied  without  a  neigatife  ghm  to 
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see  the  fundus  ocnli  in  the  non-iwreiied  image^  have  complained  to 

me  of  something  similar. 

Of  tlic  acute  occurrence  of  myopia,  in  which  the  idea  of  spasm  of 
accommodation  naturally  suggests  itself,  we  find  some  examples  related 
by  the  earlier  writers,  which  Ruetc*  has  collected.  1  ara,  however, 
not  convinced  that,  in  these  instances,  anything  else  than  amblyopia 
hftd  occoned.  When  in  consequence  of  the  latter,  smaller  objecte, 
as  for  example  letters,  could  be  distinguished  only  when  near,  the 
efxisience  of  near-sightedness  was  often  inferred.  Generally  speaking, 
among  the  earlier  observations,  the  determination  of  the  furthest 
|>oint  of  distinct  vision,  whereby  nevertheless  alone  tlie  presence  of 
myopia  could  with  certainty  be  proved,  is  omitted.  Acute  spasm  of 
accommodation,  such  as,  for  example,  is  profluced  by  Calabar,  is  un- 
doubtedly very  rare.  1  myself  have  never  met  with  a  clear  case  of 
it,  and  this  may  excose  my  scepticism.  My  task  is  confined  to 
quoting  those  few  cases  which  afford  satisfectory  evidence.  Von 
Graefe  t  communicates  two  of  them. 

The  first  is  that  of  an  engineer,  in  whom  the  right  oomea  had  been  in- 
jured by  the  finger-nail  of  a  ehiU.  When  the  irritatba  oonsequent  thamn 
had,  after  some  days,  wholly  sobaided,  the  patient  aaw  indistinctly  with 
this  eyoi  and  small  olgeets  were  multiplied.  The  popl  was  of  nonnal 
diameter,  with  alow  and  slight  reflex-,  and  without  acoommodative  move- 
ment. At  the  precise  distance  of  distinct  vision  the  polyopia'  had  disi^ 
peared.  Accommodation  was  almost  entirely  lost,  and  the  eye  was,  at 
the  same  time  myopic :  with  the  naked  eye  the  patient  was  accommodated 
for  with  —  ,1  for  8',  with  for  2|'.  The  left  eye  had  the  usual  range 
of  accommodation,  and  was  about  emmetropic :  with  vision  ranged  from 
3'  to  9i". — The  ])aticnt  had  often  p^c^^ously  satisfied  himself  that  both 
eyes  were  ccjual.  Cure  ensued,  and  indeed  very  rapidly,  after  Heurteloup- 
ian  abstractions  of  blood :  after  the  first  the  eye  accommodated  from 
to  5| ';  after  the  second,  from  4"  to  81'"^;  after  the  third  the  accommodation 
was  nearly  equal  to  that  of  the  other  eye,  whose  neaxest  point  lay  at  about 
41*. 

Perhaps  this  affection  is  to  be  considered,  as  von  Graefe  says,  as 
a  reflex  neurosis,  in  like  manner  as  injnries  of  sensory  nerves 
sometimes  excite  tonic  spasms  in  ordinary  voluntary  muscles. 

The  second  case  is  that  of  a  girl  aged  18,  with  painful  spasm  of  the 

•  lluete,  Patfioloffie  und  Phtjsiohgie  der  AiKjctt  und  Ohren,  p.  262. 
f  Archivf.  Ojihthalmolo^ie,  B.  ii.  H.  2,  p.  304. 
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orbicular  BMete  [of  the  ri^itadelwiiieh  on  tension  of  the  cj«lid«»  aad  ah* 

■ometimes  spontaneonsly,  became  more  Tiolcnt.  Preflsnre  oa  tlie  saprs- 
orbital  nrrve  had  no  effect,  a  slight  preasnre  on  the  facial  nerve  incTTa^t^ 
the  paiii  and  the  spa«m,  ntton^  pressure  k*ssencd  both.  A  brief"  Lmprore^ 
ment,  after  the  application  of  leeches,  was  followed  by  aggravation  of  t!i* 
■ymptoms,  with  disturbance  of  vision.  The  refraction  appeared  to  be  in- 
creased, and  the  accommodation  to  be  very  limited,  namely  from  2|'  to 
Tlie  right  pupil  was  somewhat  narrower  than  the  left,  with  slight  reflcx> 
and  without  any  aooommodatiTe  moTcment.  The  left  eye  was  normaL  The 
aidonnie  flmployniMit  of  iol^^liate  of  atrapia 

loiwodbjDO  inprovMMBli  !Nil»ai  the  coatngy,  tha  we conJitina m  aD 
mpaetiwaadafekpedaliolatiiakfteja.  Wien,  ob  tiie  And  d^,  baDa- 

iliMina  ij  iiniliin  aneOi  tiia  *]['fiii^      pain  jliuiiiiMiwI,  and  an  inenaae  if 

the  intoxication  they  entirely  ceased,  and  tiie  patient  ooald  aeeoBunodate 
with  the  right  eye  from  to  14 with  the  left  from  5|' to  17'.  Ha«^ 
ever  the  Kymptoms  returned  when  the  employment  of  atropia  wwa  ens* 
pended.  The  reeolt  of  the  eaae  ia  not  ooauunnicated. 

Yon  GiMfe  aees  in  this  case  a  oombimtioii  of  aptni  of  the 
miudes  of  aoeommocbitioii  (oculomotor  nam),  irHh  neurads  of  the 
fMsial  nonre,  in  which  it  is  important  thsl^  altfaoogh  we  cumot  adnt 
the  enstence     any  connexion  between  the  nenree  mentioned^  the 

aO'ection  increased  and  diminished  pari  passu  in  both. 
A  third  case  was  described  by  Liebreich.* 

Miss  F.,  &y;ed  21,  complained  of  dazzling  before  the  left  eye ;  fatigue 
on  exertion  and  nearsightedness  had  set  in  a  year  before  after  constant 
work,  often  continued  at  night.    On  examination  it  was  found  that  with 
parallel  Tianal  lines,  sight  waa  aente  at  a  diitanoe  with  —  ^,  bat  that  with 
commencing  convergence,  snoh  strong  aooonunodation  supervened,  that  shi 
than  needed  eren  ftnoger  negatiTa  glanea  to  aee  aeotely  in  the  point  df 
eoDTergeaee^  nntn  finally,  at  tie  dlatanee  of  6*  both  eyee  eoold  dieliBgnih 
sharply  without  glasses.    As  the  existence  of  epaam  of  aeeoannoditifla 
was  hence  in fcrredt  atropia  was  repeatedly  dropped  in,  in  conscqnenoe  of 
whieh  the  myopia  gave  way  to  hypemetropia  =  ^.   Meanwhile  it  1^ 
peared  further,  that  the  convergence  waa  difficult,  the  possible  divexgCBN 
particularly  great,  while  other  symptoms  indicated  insufficiency  of  the  mm. 
recti  intemi.    The  spasm  of  accommodation  might  be  connected  herewith ; 
but  still  it  was  determined  first  to  suppress  this  with  atropia  in  both  eyes, 
and  the  employment  of  the  remedy  was  continued  for  fourteen  days. 
When  the  accommodation  had  subsequently  returned,  the  patient  seemed 
to  have  recovered :  the  spasm  had  altogether  given  way,  and  even  with 
glaMOi  of  ^  whIeh  wero  preeeribed  ftr  her,  distant  and  near  objects  were 
aeately  seen,  and  work  waa  eontinned  witimit  latigue. 

•  Artihhf,  Ofkihaknohfit,  B.  TiiL  H.  2,  p. 
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It  was  evident  that  in  this  case  the  insufficiency  of  the  mm.  recti 
iiiterni  had  not  been  the  immediate  cause  of  the  asthenopia.  But 
might  not  the  spasm  of  aocommodation,  with  the  long-oontinned 
eacoesBiTe  teonoii,  have  been  piodnced  by  the  effort  to  oTeroome  that 
insoffidencj?  It  is  extremely  remarkable  how  accnratdy  the  spasm 
observed  in  this  case  agrees  with  that  excited  by  Galabar :  by  it  too 
tlie  refraction  is  increased,  and  convergence  gi^es  a  relatiydy  too  strong 
tension  of  accommodation.    The  diameter  of  the  pupil  is  not  given. 

Tlie  cases  here  communicated  may  suffice  to  illustrate  the  different 
fonma  of  spasm  of  accommodation. 

We  have  stiU  to  speak  briefly  of  pain  with  tension  of  aoeommo- 

dation,  which  is  probably  combined  also  with  spasm.  At  p.  289 
I  have  already  communicated  a  case  of  this  nature.  I  may  be 
allowed  here  shortly  to  relate  two  others. 

Mrs.  O.,  aged  29,  called  upon  mc  in  October,  1859,  complaining  of  vio- 
lent pain  in  the  eye  on  any  effort  to  see  near  ohjecta,  wldch  had  already 
existed  in  a  greater  or  less  degree  for  more  than  ten  years.  She  had  a  flat 
face  and  shallow  anterior  chamber  of  the  eye.  The  pupils  were  small,  but 
movable.  The  nearest  point  lay  at  11",  the  farthest  at  x  ;  upon  artificial 
mydriasis,  II  appeared  =  ^.  The  aeuteness  of  vision  was  normal.  I  gave 
her  glasses  of  ^,  believing  that  after  the  return  of  the  accommodation  she 
-would  be  able  to  work  with  them  at  a  distance. — Some  time  alter  she 
called  iqNm  me  again.  Her  state  had  continned  the  same,  and  the  tpectaclea 
had  been  of  no  nse  to  her.  Other  glaaeee  were  tried,  but  with  no  better  re- 
sult. Adetivative  treatment  was  also  adopted  qntte  in  vain.  I  determined 
then  to.liafB  atropia  dropped  in  for  some  timet  ui  order  to  ooonteraet  all 
tenmon  of  aocommodation,  and  I  pennittod  her  to  wear  light  blue  glaaaes 
of  ^  and  to  nse  4  for  near  objects.  Repeatedly,  after  one  monthf  two 
months,  S:c.f  it  was  tried  whether  the  mydriatic  could  be  omitted.  The 
results  of  these  trials  were  un&vorable.  Bnt  at  the  end  of  six  months, 
she  obscn  cd  with  joy,  that  leaving  off  the  use  of  atropia^  with  the  return 
of  accommodation,  reading  without  glasses,  she  was  free  from  pain.  She 
now,  moreover,  occupied  herself  at  close  work  with  glasses  of  ,V — AVlicn 
after  a  year-and-half,  a  relapse  occurred,  the  employment  of  atropia  for 
three  months  was  again  sufficient  to  overcome  the  painful  spasm. 

In  this  eas^  the  pain  is  much  more  picminent  than  spasmodic 
contiBction.  Bat  what  suggests  the  idea  of  the  latter,  is  the  whole 
latency  of  the  hypermetropia,  with  comparatively  slight  range  of 
accommodation.    At  the  time  of  the  relapse  the  patient  was  at 

Dresden,  and  she  consulted  me  by  letter.  I  should  have  been  glad 
then  to  have  examined  her  anew,  particularly  in  order  to  satisfy 
myself  still  further  respecting  the  relative  range  of  accommodatioo. 

40 


Digitized  by  Google 


626  SPASM  OF  ACCOMMODATION. 

A  aecond  case  of  this  nature  was  that  of  a  friend  of  mine,  who  had  held 
an  important  offiec  in  the  East  Indies,  in  which  he  had  to  work  hard  audi 
to  make  ohsen'ations  with  opUcal  instruments.  During  his  olwerrati  jn-, 
he  for  the  first  time  felt  pain,  which  made  him  cautious.  lib*  s«t3t«  rr^-* 
considered  to  bo  hypciti'mia  of  the  retina.  On  readins^  and  in  calcuiatiiig 
his  observation.s  the  pain  increased.  Examination  now  showed,  that  afUT 
tlie  iLHc  of  atropia,  hypemietropia  =  existed.  At  first  weak,  afterwurd- 
^tronjf  convex  fjlasses  were  •:^iven.  (luite  in  vain.  Derivants,  leeches,  ±ud 
llturteloup's  artificial  leeches  were  tried,  with  equal  want  of  saccCBS- 
Ucalicg  for  a  few  mlniitcs  produced  a  degree  of  pain,  whidi  oovnpdled 
liiiB  to  deaiit  Thiaataite  luidalnady  lasted  for  a-jear  and  a-hall^  sad  bis 
return  to  his  native  euimiry  was  spoken  of.  Bnt  it  ueeuii^  to  IImm 
about  him,  that  they  might  first  eonsolt  me  hy  letter,  for  which  paxposa 
both  the  patient  and  hia  ooolist,  hnuerlj  npiqiil  of  mine,  aent  ne  a  'nrj 
detailed  report,  dated  the  15th  February,  1861.  My  advice  was : — &rn  tiaar 
to  employ  sulphate  of  atropia  (1 : 120)  at  least  twice  a-week,  and  meanwhile 
durinp:  the  paralysis  of  accommodation  thus  obtained,  to  make  vision  at 
different  dLstances  possible  by  means  of  different  convex  g^lasscs.  Some 
montlis  later  I  received  the  report,  that  "  the  atropia  treatment  had  in>tauily 
afibrdcd  the  be>t  results.  Ho])e  revives  in  me,"  thus  wrote  the  patient. 
"  that  we  shall  overcome  the  malady.  In  the  morning  I  can  nlready  work 
tolerably  steadily.  In  the  evening,  reading  or  writing  inconveniences  me 
less,  but  I  do  not  yet  venture  upon  it^  in  order  not  to  retard  the  progress 
of  my  reoovery.  Yonr  sospicion  that  my  hypermetropia  might  be  wtan 
than  ^  is  not  confirmed ;  every  time  we  get  the  same  rnolt.  I  now  wse 
for  distance,  when  sitting  at  table,  and  ^  when  at  woik.  lliese  nvm- 
bera  are,  however,  < nominal'-— (N.B.  They  are  the  numbers  of  Paeta  and 
Flohr,  compare  p.  142),  and  are  too  great : 

^  is,  properly  speaking,  A; 

I  I  . 

IB         w  w  n» 

TT         »'  •  »»  /r 

This  last  is  still  too  weak  when  I  have  jnst  dropped  in  atropia ;  then  I 

have  and  as  ccpiivalent  to  i."  Thus  my  friend  wrote  to  me  (and,  as  is 
evident,  he  was  master  of  the  subject),  on  the  31st  of  August,  1^61.  The 
hopeful  expectation  he  expressed  was  fully  justified  by  the  result.  Wlien, 
after  a  fii-st  disappointment,  the  use  of  atropia  was,  a  few  months  later, 
for  the  second  time  suspended,  the  paiu  on  tension  of  accommodation  did 
not  return,  and,  so  far  as  I  am  aware,  no  disturbance  whatever  has  since 
reonrred  in  making  observations,  reading,  writing,  or  caknlating. 

This  case  scarcely  needs  any  comment.  It  .^hows  (hat  in  shght 
degrees  of  H  a  condition  may  be  developed  by  continued  tension, 
in  which  tlie  least  accommodation  for  near  objects  becomes  very 
painful.  Spectacles  are  then  of  no  usc^  because  witk  the  convergence 
involontary  accommodation  is  combined^  and  this  again  excites  tlie 
pain.   The  above-qnoted  observation  of  Liebreich  has  suggested  to 
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1110  the  possibility,  that  in  these  cases,  just  as  in  Liebreich's,  tension 
of  accommodation  too  strong  in  proportion  to  the  convergence  sets 
in.    Spasm  of  accommodation  would  then  leallj  exist. 


NOTK. 

Vrom  time  to  time  cases  occur  of  extremely  contracted  pupil,  myosis, 
without  cstabliahcd  moditication  of  acoommodation.  Usually  it  exists  in 
both  eyes,  and,  as  Mackenzie  says,  the  small,  black,  round  pupil  is  at  the 
same  time  "  slow  in  its  motions,  scarcely  dilating  in  the  dark,  and  with  bella- 
donna." In  the  highest  degrees  not  only  does  the  acuteiies.s  of  vision  suffer 
firom  want  of  sufficient  light,  but  the  field  of  rision  is  also  limited  by  the 
thiekneM  of  the  margin  of  the  irisr-in  any  eaae  it  is  peripherally  very  daik. 

Even  Plenok  {1>$  morftw  oculorum^  1777,  p.  1 20)  diatinguiahed  two  forma : 
myoaia  ipoiHca  and  myosia  faraUfflka,  TheoreticaUy,  in  ht^  both  apaam 
of  the  aphincter,  and  paralyaia  of  the  dilator  may  give  riae  to  myoaia. 
Now  it  is  to  be  expected,  that  with  spasm  of  the  sphincter,  the  accommo- 
dation should  often  be  affected,  which  is  less  to  be  anticipated  with  paralysia 
of  the  dilator.  A  case  probably  of  paralytic  nature  has  been  recorded  1^ 
Dr.  Felix  v.  Willebrand  {Archie  fiir  Ophthalmologic,  B.  I.  i.  p.  151 U),  in 
■which  the  cause  of  the  myosis  was  souf^'ht  in  pressure  on,  and  paralysis  of 
the  sympatlietic  nerve  by  masses  of  swollen  lymphatic  glands  in  the  neck, 
with  the  diminution  of  which,  under  the  use  of  mercurial  ointment  with 
iodide  of  jK)tassium,  and  of  warm  alkaline  baths,  the  myosis  and  the  dis- 
turbance of  vision  depending  on  it  gave  way.  To  this  class,  too,  a  case  of 
myosis  appears  to  belong,  communicated  by  Dr.  Gairdner  to  the  Medico- 
Chimrgical  Society  of  Edinburgh  (see  *  Monthly  Journal  of  Medicine/  voL 
zx.  p.  71, 1855),  in  whieh  an  aneurism  of  the  anbclavian  artery  may  be 
supposed  to  have  compressed  and  paralysed  the  sympathetic  nerve  in  the 
neck.  The  want  of  an  antagontat  might  in  aoch  caaea  lead  to  aeoondaiy 
ahortening  of  the  aphincter. — ^The  narrow  pupil  met  with  in  inflanunaUny 
states  of  the  cornea,  and  in  connexion  with  intolerance  of  light,  must  cer- 
tainly be  considered  rather  as  the  result  of  spasm  of  the  sphincter  muscle.  The 
same  is  probably  true  of  myosis  observed  in  Ndolent  ncurab^ia  of  the  ophthal- 
mic nerve  (Ruetc,  Lehrbuch  Jer  Ophthalmolor/ip,  1853,  H.  i.  p.  328),  particu- 
larly of  that  whieh  occurs  with  a  violent  attack  of  prosopalgia,  only  on 
the  affected  side,  of  which  my  colleague  Prof.  Loncq  has  related  two 
cases  to  me.  It  will  be  important,  in  the  occurrence  of  siu  h  cases,  to  ascer- 
tain with  precision  how  far  the  accouimodatiuu  is  implicated. 

Those  cases  are  still  more  obscure  which  are  obaerved  to  be  attended 
with  permanent  headache,  especially  in  weak  cachectic  subjects,  with.tabea 
dinnalia  (oonf.  Bo^iberg,  NervMkrmikhnienf  B.  i  Abth.  3,  p.  6S4),  and 
with  different  cerebral  aflbctiona.  More  than  one  ina(ance  baa  occnned 
to  moi  where  I  ooold  diBCover  nothing  with  respect  to  the  canae. — think 
I  have  remarked,  tiiat  continued  close  work,  at  an  advanced  time  of  life» 
gives  riae  to  permanent  contraction  of  the  pupil,  and  alight  degreea  of 
myoaia  may  find  their  explanation  in  thia  faeL 
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degree  of  astigmatism,  483 ;  on  its 
correction  by  cylindrical  gliissc!*,  510; 
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vision,  Cases  illastrative  of, 

515.  et  uq.\  acquired  regular,  533; 
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550. 
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457. 
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3  5  4. 
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and  Calabar, 
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the  acuteness  of  vision,  Te/erredto^  123* 
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Bean,  Calabar — tee  Calabar  bean. 

Seer,  OQ  asthenopia,  22ii ;  on  the  here- 
ditary  nature  ol' myopia,  aSiL 

l^llddonna,  history  of  the  iutluence  of, 
upon  the  pupil,  SlUQ 

Serthold's  m>  opodiorthoticon,  417. 

£e88el,  theoretical  iavedtigatioos  of, 
re/erred  io,  as^ 

Hiconvex  lens,  refraction  by  a,  4A\ 
and  spherical  surface,  refrdction 
tb rough  a  compound  system  consist- 
ing of  a,  fi2^ 

Binocular  vision,  various  vrriters  on, 
re/erred  to,  161,  note. 

Bothin  (Dr.  L.),  on  the  ute  of  blue 
glasses,  re/erred  to^  USi. ;  on  asthe- 
nopia, 271  ;  on  the  treatment  of 
hypermetropia,  27^  ;  on  the  use  of 
cnnTex  glassies  in  strabismus,  306, 
321 ;  on  the  hereditary  nature  of 
my  opia,  Z5iL 
Boerhaave,  oa  the  causes  of  myopia, 
4  id. 

Bonnet,  on  asthenopia,  220. 

Bowman  (Mr.),  on  the  retina,  4  ;  on 
the  muscular  nature  of  the  ciliary 
ligament,  2d  ;  on  glaucoma  simplex, 
214.  note;  case  of  extreme  hyper- 
metropia,  by,  258.  230 ;  on  sponta- 
neoos  luxation  of  the  lens,  re/erred 
to,  310;  im  the  structure  of  the  optic 
nerre,  3X5  ;  on  the  detection  of 
regular  astigmatism,  AMI ;  on  irid- 
de?i9  in  conical  cornea,  referred  to, 
51 1 :  on  double  iriddesis,  552.  and 
note;  on  physical  alterations  of  the 
lens  as  causing  defects  of  vision, 
ihA  ;  on  the  eOects  of  Calabar  bean, 
fil2. 

Brachymetropia,  dcBnitiun  of,  82. 

Braun  on  the  structure  of  the  retina, 
re/erred  to,  fi. 

Brewster  (Sir  David),  on  the  refracting 
proportion  of  the  aqueous  humour, 
a& ;  on  mnscae  volitantes.  202. 

Bruecke,  on  vibion,  on  the  muscular 
nature  of  the  ciliary  ligament,  23j 
on  binocular  vision,  1&2  ;  diiisecting 
spectacles  of,  229^ 

Brussels,  asthenopia  nmong  the  lace- 
makers  of,  222. 

Budge  and  Waller  on  the  influence  of 
the  sympathetic  nerve  upon  the 
pupil,  577  et  teq. 

Buffon,  on  the  cause  of  squinting, 
413. 

Buphthalmos,  a  cause  of  myopia,  alD. 
Barotr,  on  the  position  of  the  centre 
of  motion,  130.  ;  on  myopia, 

Calabar  bean,  useful  to  myopes  by  con- 


stricting the  pupil,  3M ;  prepara- 
tions and  action  of,'610;  nerves  on 
which  it  acts,  615;  antagonism  of, 
and  atropia,  617 ;  therapeutic  em- 
ployment of,  G2Q. 
Card au us,  on  amorousness  of  myopes, 

Cardmal  points,  39^  of  the  eve,  general 
indications  of  the,  62^  review  of  the 
position  of  the,  in  the  eye,  67j  use  to 
be  made  of  the  knowledge  of  the, 
determination  of  the,  in  astigmatism, 
475. 

Carron  du  Villards,  on  asthenopia, 

Cary,  the  optician,  aware  of  the  con  ec- 
tion  of  Hstigmatism  by  giving  an 
oblique  direction  to  suitable  glaiises, 

456. 

Cataract,  varieties  of,  226  note;  on  iri- 
dectomy in  operating  for,  316 :  ex- 
traction o^  a  cause  of  astigmatism, 

Centre  of  motion  of  the  eye,  179. 
Centre,  optical,  42. 

Chorioidea,  atrophy  of  the,  in  myopia, 
354 ;  Existence  of  muscular  fibres 
and  of  ganglionic  cells  iu  the,  381, 
note;  576. 

Chorioiditis  disseminata,  occurrence  of, 
in  myopia,  3fiO. 

Chromatic  aberration,  450. 

Ciliary  ganglion,  existence  of  ganglio- 
nic cells  in  the,  576. 

Ciliary  muscle,  the,  23. 

Ciliary  ^}  stem,  funciiou  of  the,  575. 

Coccius,  on  the  formation  of  pigment 
in  myopia,  referred  to,  363;  on  the 
conditiou  of  the  retina  in  staphyloma 
sclerotica,  378. 

Concave  glasses,  135. 

Conjugate  foci,  42. 

Contraction,  direct  and  consensual,  of 
the  iris,  573 

Conus,  glass,  of  Steinheil,  424. 

Convex  glasses,  13^ 

Cooper,  Mr.  White,  on  asthenopia,  272; 
on  hypermetropia,  327;  on  improve- 
ment in  sight  in  some  cases  of  myo- 
pia by  giving  an  oblique  direction  to 
suitable  gla-ses,  511. 

Cornea,  conical,  a  cau:>e  of  astigmatism, 
550. 

Cornea,  fixity  of  form  of  the,  in  accom- 
modation, 15j  measurements  of  the 
radius  of  the,  89^  condition  of  the, 
in  myopia,  3Mi  influence  of  the,  in 
astigmatism,  4u9  ;  spots  on  the,  a 
cau>e  of  astigmatism,  553. 

Corresponding  or  identical  retinal 
points,  law  of,  164 
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Cramer,  on  accommodation  in  the  eje, 

rt/errtdto^  LL 
Critchett,  Mr.,  on  iriddesis,  r^errtd  to^ 

511. 

Crystalline  lens,  chang^e  of  form  in  the, 
m  accommodation,  10^  the  cpectrnm 
of  the,  2Q0  ;  condition  of  the,  in 
mvopia,  ;  mode  of  calculatiog 
the  part  played  bj  the,  in  astigmatism, 
49fi. 

Cycliiis — #M  Kjklitis. 
Cylindrical  lenMi,  use  of,  in  astig- 
matism, 

Darwin,  on  the  use  of  mydriatics,  in 
ophthalmia,  52(L 

Dechales,  on  musca'  rolitantes,  202;  on 
myopic  vision,  referred  to^  389. 

Defects  of  refraction  and  accommoda- 
tion, 80;  canses  of  the,  §4*  fifi. 

De  la  Hire,  on  polyopia  monocuUris, 
r^ferrtd  to^  fiiSL 

Depth,  estimation  of,  158. 

Diagrammatic  eye,  the,  ITb- 

Dietricbstcin,  ron,  his  qaesiion  to 
Kepler,  444. 

Dioptric  images  of  the  eye,  calculation  of 
the  position  and  magnitude  of  the,  7SL 

Dioptrics  of  the  eye.  liK 

Dioptric  system  ot  the  eye,  change  of, 
in  accommodation,  liL 

Diphtheria  faucinra,  paresis  of  ac- 
commodation after,  5'J'j. 

Dispersion,  phenomena  of,  in  astig- 
matism, 473. 

Distance,  determination  of  focal,  140; 
estimation  of,  1 

Daptt^,  on  diminution  of  the  pupil  after 
extirpation  of  the  first  ganglion,  &2& 

Elasticity  of  the  lens,  2L 
Emmetropis,  definition  of,  &L 
Emmetropic  eye,  the,  173. 
Eatoptic  obttervation,  197;  History  of^ 
202. 

Epicrisis,  note  by  Professor  Haughton 
on  the  term,  517. 

Eye,  muscular  elements  of  the,  23 ; 
dioptrics  of  the,  38^  refracting  sur- 
faces in  the,  38^  general  indication 
of  cardiual  points  of  the,  62^  calcu- 
lation of  the  position  of  the  principal 
points  in  the,  63j  the  emmetropic, 
173;  the  diagrammatic,  17.5;  centre 
of  motion  of  the,  179;  movements 
of  the,  lid  ;  hypermetropic,  form, 
position,  and  movements  of  the, 
24A. 

Eyes,  difference  of  refraction  in  the  two, 
;  various  modes  of  using  unequal. 

659. 


Farikigfatednesa,  incorrectness  of  the 

term,  209. 
Fatigue,  two  forms  of,  2fi5  ;  theories 

of,  2fi7. 

Fechner,  on  binocular  Tiaioo,  rt/emd 
to,  161 ,  note. 

Fick,  on  the  movements  of  the  eye,  re- 
ferred tOy  180.  note. 

Focal  distance,  determination  of,  140. 

Focal  interval  of  Sturm,  453. 

Foci,  conjugate,  i2  ;  of  a  lena,  defini- 
tion of  the,  calculation  of  the 
position  of  the,  in  the  eye,  fi^ 

Focus,  principal,  the,  defined,  I ;  a 
virtual, 

Form,  estimation  of,  15.? 

Franklin's  glasses,  13S. 

Fronmiiller,  on  **  Myopia  at  a  dis- 
tance,*' 328,  351. 

Furnari,  on  the  absence  of  myopia 
among  the  Kabyles,  312- 

Ganglion,  ciliary,  presence  of  gangli- 
onic cells  in  the,  576. 

Ganglionic  cell*,  presence  of,  in  the 
chorioidca,  and  in  the  orbicoltii 
ciliarij,  576. 

Gauss,  on  the  dioptrics  of  the  eye, 
referred  (o,  38. 

Gendron,  on  the  ellipsoidal  figure  of 
the  myopic  eye,  447. 

Giraud-Teulun,  on  the  anomalies  of  re- 
1 1  action,  referred  to,  331. 

Glasses,  employed  in  the  clinical  de- 
termination of  ametropia,  21  ;  pris- 
matic, 132 ;  convex  and  concare, 
;  pcriscopic,  liifi  ;  Frank  lin'i, 
138 ;  beat  material  for,  ;  influence 
of,  on  vi<iion,  \A2\  green  and  blue 
use  of,  in  moderating  the  light,  1  to  ; 
reading,  use  of,  222 ;  convex,  not  in- 
jurious, 2M. 

Glaucoma,  necessity  for  iridectomy  ia, 
2^  ;  development  of,  with  high  de- 
grees of  staphyloma  posticum,  4QSL 

Goode  (Dr.),  on  astigmatism,  540. 

Graefe  (von),  on  prismatic  spectadei 
in  strabismus,  170  ;  on  the  move- 
ments of  the  eye,  r^errtd  to,  180; 
note;  on  asthenopia  musculo ris,  265, 
on  strabismus,  307  ;  on  congenital 
aphakia,  ^\Q.\  on  iridectomy  prepa- 
ratory to  operation  for  cataract,  316; 
on  accommodation  in  aphakia,  320 ; 
on  hypermetropia,  330  ;  optical  in- 
strument invented  by,  3.3.'>.  note ;  on 
myopia  at  a  distance,  3JL1  ;  on  the 
frequency  of  atrophy  in  high  degree* 
of  myopia,  ;  on  the  limits  of  the 
field  of  vision  in  amblyopia,  r^err$d 
tOt  331  i  on  tenotomy  of  the  muscu- 
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lus  rectus  externuo,  428;  on  the 
CAuse  of  myopia,  417  ;  on  the  mode 
of  action  of  mydriatics, 
Out,  bis  refutation  of  Sieilwag  von 
Carion's  theory  of  irregular  asiigma- 
lism,  ref erred  io,  55fi- 

Haan  (Dr.  Vroe^om  de),  on  the  influ- 
ence of  age  upon  the  acateness  ot 
vision,  laa. 

Haas  (Dr.  D.),  bypermetropia,  and  ac- 
commodation of,  2A1  i  historical  re- 
searches on  bypermetropia  and  its 
results,  re/erred  io^  306. 

Hamilton,  case  of  abnormal  astigma- 
tism by,  r^erred  to,  SiO. 

Happe,  on  the  anomalies  of  refraction, 
referred  to,  331. 

Harting  (Prof.  P.),  on  the  microscope, 
re/erred  to,  l7n, 

Hasner  (vun  Artha),  imitation  of  his 
optometer,  LL5  ;  on  the  anomalies  of 
refraction,  re/erred  to,  331 ;  on  the 
effect  of  social  position  upon  myopia, 
referred  to,  342  ;  on  the  hereditary 
nature  of  myopia,  330  ;  on  atrophy 
of  the  retina  in  childhood,  3ili  ;  on 
t  Uipsoldal  form  of  the  eye  in  myopia, 

371. 

Haughton  (Rev.  Professor),  Notes  by, 

7.  41,45.  517. 
Hays  (J.),  cases  of  astigmatism  ap- 

S ended  to  the  American  edition  of 
Ir.  Lawrence's  works  by,  Ml. 
Uelmholtz,  on  accommodation  in  the 
eye,  referred  to,  13i  inventor  of  the 
ophthalmometer,  II;  on  the  dioptrics 
of  the  eye,  referred  to,  38  ;  on  flatten- 
ing of  the  crysialiine  lens  under  the 
influence  of'  tension  of  the  zonula 
Zinuii,  3fi9 ;  on  the  phenoneroa  of  dis- 
persion in  the  eye,  473;  on  the 
literature  of  normal  irregolar  astig- 
matinm,  referred  to,  5iitL 
Hess  (J.  A.)  on  "  presmyopia,"  223. 
Heuneloupian  abstraction  of  blood, 
43G,  note. 

Heymann,  on  impressions  of  the  ciliary 
nerves  on  the  atrophic  sclerotic,  re- 
ferred to, 

Himly  (Karl),  discoverer  of  the  mydri- 
atic action  of  hyoscyamus, 

Homocentric  light,  449. 

Homogeneous  light,  45U. 

Uulke  (Mr.),  the  author's  obligations 
to,  53a. 

Hyoscyamns  niger,  mydriatic  action  of, 

Hypermetropia,  definition  of,  82^  236; 
acquisita,  204 ',  Subdivisions  of,  238; 
phenomena  and  diagnosis  of,  251 ; 


treatment  of,  274;  prognosis  in,  283 ; 
case  of  extreme,  by  Mr.  Bowman, 
290  ;  strabismus  convergens,  the  re- 
sult of,  291.  3M ;  historical  remarks, 
respecting,  32^ 

Hypermetropic  eye,  form,  position,  and 
movements  of  ihe,  244;  tendency  to 
asymmetry  of  the,  255. 

Hyperopia,  term  proposed  by  Hclm- 
holtz,  a3L 

Hyperpreshyopia,  term  employed  by 
Stellwag  von  Carion,  S2&s 

Identical  or  corresponding  retinal 
points,  law  of,  IM. 

Images,  dioptric,  of  the  eye,  calcula- 
tion of  the  position  and  magnitudes 
of  the,  liL 

Insufliciency  of  the  internal  recti 
muscles,  a  result  of  myopia,  402,  42fi. 

Interval,  focal,  of  Sturm,  4.'i3. 

Iriddesis  in  astigmatism,  511;  double, 
Mr.  Bowman  on,  552,  and  note. 

Iridectomy,  necessity  for,  in  Glaucoma, 
235.  in  operating  for  cataract,  31JL 

Iris,  musculai'  fibres  of  the,  23j  move- 
ments of  the,  572;  direct  and  con- 
sensual contraction  of  the,  &Z3. 

Jacob,  membrane  of,  L 

Jacobsoo,  on  iridectomy  in  operating 
for  cataract,  316. 

Jaeger  (von),  his  spectacle-frame,  97i 
note;  on  hypermetropia  as  a  diag- 
nostic sign  ill  affections  of  the  central 
nervous  system,  244,  note;  on  the 
development  of  eyes,  ;  on  accom- 
modation in  aphakia,  321 ;  ophthal- 
moscopic determinat  ions  of  the  refrac- 
tion of  the  eye,  by,  331 ;  on  the  pro- 
gression of  myopia,  349;  on  the  fre- 
quency of  myopia  among  the  lower 
classes  in  Austria,  353;  representa- 
tions of  the  modus  oculi  of  the 
myopic  eye,  by,  referred  to,  356.  note; 
on  change  of  form  of  the  optic  disc 
in  myopia,  3ii8 ;  on  hereditary 
atrophy  of  the  retina,  361;  on  the 
frequency  of  atrophy  in  high  degrees 
of  myopia,  365 ,  on  the  ophthalmo- 
scopic examination  of  the  myopic 
eye,  366;  on  myopia  as  a  result  of 
partial  accommodation  for  near  ob- 
jects, 369;  on  prolongation  of  the 
visual  axis  in  myopia,  371 ;  on  the 
structure  of  the  optic  nerve  in  myo- 
pia, 377. 

Janin,  early  acquainted  with  hyper- 
metropia, 326,  note. 

Jones  (Wharton),  on  the  cause  of  astig- 
matism, &42. 
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Jtingken,  on  hebeiudo  vuu4,  270.  on 

the  hereditary  nature  of  myopia,  350. 

Junge  (Prolcisor),  hU  method  of  de- 
tercuining  the  position  of  the  centre 
of  motion  of  the  eye,  185;  on  spasm 
of  accommodation  in  high  degrees  of 
myopia,  393. 

Jurin,  acquainted  with  the  larger  pnpil 
of  myopes,  388. 

Kahyles,  absence  of  myopia  among  the, 
342. 

Keller,  on  the  accommodation  of  the 
eye.  lOj  the  author  of  our  tirst  know- 
ledge of  myopia,  444. 

Kerato-conos,  »e«  cornea,  conical. 

Ker-it,  on  myopia  at  a  distance,**  328, 
ail. 

Knapp  (Dr.),  on  the  accommodation  of 
the  eye,  16j  on  the  rariable  form  of 
the  optic  disc  in  astigm«itism,  489; 
on  a  pecnliar  form  of  the  crystalline 
lens  producing  astigmatism,  531. 

Krauae  (C.)<  on  the  presence  of  gan- 
glionic cells  in  the  orbicularis  ciliaris, 
r^grred  to^  Slfi, 

Kraufie  (\V.),  on  the  stmctnre  of  the 
retina,  rtjerrtd  iOy  6;  on  the  orAicuita 
eiliarUt  576. 

Krecke  (Dr.),  on  binocular  rision,  133; 
on  prismatic  spectacles  in  strabismus, 
IHL 

Ruyper  (Dr.),  on  the  mydriatic  action 
of  weaker  solutions  of  atropia,  587. 

Kyklitis,  370;  meaning  and  derivation 
of  the  term,  ix. 

Lan^enbeck  (Maximilian),  on  the  re> 
fleeted  imutres  of  the  lens,  IL 

Lawrence  (W.),  on  asthenopia,  27SL 

Lens,  biconrex,  refraction  through  a, 
44,  nodiil  points  of  a,  45^  principal 
points  of  a,  50j  definition  of  the  fi>ci 
of  a,  56|  astigmatic,  of  Stokes,  485. 

Lenses,  varieties  of,  135;  cylindrical, 
use  of,  in  astigmatism,  5QI. 

Len«,  the  crystailioe,  alteration  in  ac- 
commodation, 13|  elasticity  of,  2lj 
influence  of,  in  astigmatism,  467; 
displacement  of  the,  jl  cause  of  irre- 
gular astigmatism,  •'»■")')■ 

Liebreich,  representations  of  the  fundus 
oculi  of  the  myopic  eye,  by,  re/erred 
to,  356.  note ;  on  change  of  form  of 
the  optic  disc  in  myopia,  358;  on  the 
ophihalmoscopical  examination  of 
highly  myopic  eyes,  367;  case  of 
recovery  by  spontaneous  replace- 
ment of  detached  retina,  by,  400; 
representation  of  rupture  of  the  re- 
tina, referred  to,  432.  note. 


Lij?ht,  homocentric,  449:  monocliro- 
matic  and  horBogeneou*.  450. 

Listing,  on  the  dioptrics  of  the  eye,  re- 
ferred  to,  38^  206;  on  the  co-rffic»ent 
of  refraction,  39^  diagrammatic  eye 
of.  HI ;  on  entoptic  phenomena, 
203;  on  the  diff  usion  of  light, 

Mac  Gillavry.  on  the  extent  of  accom- 
modation, referred  to.  111  note,  117. 
330;  on  the  relative  range  of  accom- 
modation in  myopia,  referred 

448. 

Ma'kenzie,  on  the  muco- lachrymal 
spectrum,  203;  on  asthenopia,  270; 
observations  on  the  hypermetropic 
condition,  325,  328;  on  the  cao^  of 
myopia,  447;  on  asitigmttism,  522. 

Magnitude,  esti oration  of,  Lil. 

Mariotte,  blind  spot  of,  3,  397. 

Maurolycus,  on  the  action  of  the  crys- 
talline lens,  444. 

Meissner,  on  the  movements  of  the  eve, 
referred  to,  180,  note. 

Menisci,  advantages  of,  136. 

Meyer,  on  the  reflected  images  of  the 
lens,  referred  to,\\. 

Microscopes,  effect  of,  on  the  accom- 
modation of  the  eye,  148. 

Middelburg,  Dr.,  on  the  seat  of  astig- 
matism, referred  to,  4G2. 

Mile,  on  the  position  of  the  centre  of 
motion,  180. 

Monochromatic  light,  450. 

Montucla,  his  criticism  of  Kepler's 
Attronomia  par*  optica,  44.=>. 

Mooren,  on  the  use  of  convex  glasses  in 
strabismus,  2125 ;  on  the  coexistence 
of  hypermetropia  and  strabismus  con- 
vergcns,  referred  to,  309;  on  iridec- 
tomy in  operating  for  cataract,  31£. 

Moser,  on  the  dioptrics  of  the  eye,  re* 
f erred  to,  3fi. 

Motion,  centre  of,  of  the  eye,  179. 

Movements  of  the  eye,  179;  littratnre 
of  the  subject,  1 80,  note. 

Muco-lachrymal  spectrum,  the,  197. 

Mueller,  H.,  radiating  fibres  of,  3^  on 
the  situation  of  the  perceptive  layer 
of  the  retina,  5j  his  theory  of  accom- 
modation, 27  ;  on  the  formation  of 
elevations  on  the  choroid,  192;  on 
the  state  of  the  retina  in  myopia, 
378;  on  the  presence  of  muscular 
fibres  and  of  ganglionic  cells  in  tbe 
choriuidea,  3&i  no/e,  52fi. 

Mueller,  John,  on  a  connexion  between 
convergence  and  accomtuodation,  re- 
ferred to,  110;  strabismus  incongraos 
of,  250;  on  strabismus,  414. 

Mnsca:  volitantes,  1111 


d  by  Google  I 


INDEX. 


"Mnsclc,  the  ciliary,  23* 

AIusclcs,  insufficiency  of  the  internal 
recti  a  resalt  oi  myopia,  i(22«  4gfi 

Muscular  elements  of  the  eye,  21L 

Mydriatics  and  their  action,  584. 

Myopes,  the  vision  of,  3fil  ;  Calabar 
bean  useful  to,  3B&a 

Myopia,  definition  of,  82^  diaj^nosis  of, 
332.  dcterruination  of  the  degree  of, 
337  ;  comparative  frequency  of  its 
occurrence,  340;  influence  of  social 
position  on,  343;  progressive  nature 
of,  344 ;  predi^poiiiiion  to,  349;  *' at 
a  di>tanco,*'  328,  3M  ;  noa-iinplica- 
tion  of  the  lens  in,  352  ;  principal 
anatomical  changes  in,  3M  ;  inter- 
mittent spa>m  of  accommudaiion  a 
c<use  of,  370;  question  of  iU  cura- 
bility, 417;  choice  of  spectacles  in, 
420;  therapeutic  treatment  of,  429; 
cases  illustrative  of,  433;  hibtorical 
remarks  on,  444. 

Myopic  eye,  advantajjes  of  the,  213; 
result  of  the  ophthalmoscopic  inves- 
tif^ation  of  the*  353 ;  anatomy  of  the, 

Myopodiorthoticon,  Berthold's,  417. 
Myotics  and  myosis,  &jiL 

Naffcl,  on  binocular  vision,  referred  to^ 
ifii. 

Nancy,  asthenopia  among  the  em- 
broiderers of,  212. 

Nerve,  sympathetic,  influence  of  the, 
upon  the  pupil,  bl& 

Nerves,  influence  of  the,  upon  accom- 
modation and  upon  the  movements 
of  the  iris,  572;  action  of  mydriatics 
upon,  5fiS ;  action  of  myotics  on, 
£15. 

Nodal  points,  anterior  and  posterior, 
29;  of  a  lenp,  45^  calculation  of  the 
position  of  the,  in  the  eye,  fiiL 

Nuhn,  on  the  effect  of  acetate  of  lead 
and  acetic  acid  on  the  zonula  Zin- 
nii,  25|  on  dilatation  of  the  pupil  in 
a  decapitated  criminal,  referred  to^ 

Oculo-motor  nerve,  action  of  the,  upon 
the  sphincter  of  the  pupil,  .'S77. 

Ophthalmometer,  the,  debcnbed,  12 
et  aeq. 

Ophthilmoscopc,  the,  16^  application 
of  the,  in  the  clinical  determination 
of  ametropia,  105;  use  of.  in  the  de- 
tection of  astigmtttism,  551. 

Optic  disc,  change  of  form  of  the,  in 
myopia,  358;  variable  form  of  the, 
in  astigmatism,  490. 

Optical  centre,  ^ 


Optometer,  the,  described,  33^  descrip- 
tion of  an,  1 1 5. 

Ordeal  bean  of  Old  Calabar — »ee  Cala- 
bar Bean. 

Oversightednes?,  Ruete  on,  329;  Stell- 
wag  vun  Carion  on,  330. 

Pagenstccher  and  Saemihch,  on  corneal 
spots  in  strabismus.  2M ;  on  the  co- 
existence of  hypermetropia  and  stra- 
bismus convergens,  referred  to,  302. 

Pagenstccher,  on  iridectomy  in  operat- 
ing for  cataract,  316. 

Panum,  on  binocular  vision,  referred  to^ 
lf.l. 

Paralysis  and  debility  of  accommoda- 
tion,       ;  treatment  of,  596;  Dr. 

Wells  on.  aaz- 

Paresis  of  accommodation,  the  result 

of   angina    diphtherina,  287,  599; 

proximate  cause  of,  608. 
Percy  and  Reveill^-Parifce,  on  the  focal 

distance  of  the  crystalline  lens  in 

myopia,  3fia. 
Periscopic  glasses,  \M± 
Petit,  on  the  influence  of  the  sympathetic 

nerve  upon  the  pupil,  i^ erred  to, 

Petrequin,  on  the  cauio  of  asthenopia, 

270. 

Phacoidoscope,  the,  described,  Ifi^ 

Pienek,  on  a«tbenopia,  2fiiL 

Pomts,  nodal,  29j  of  a  lens,  45^  car- 
dinal, 39j  principal,  of  a  lens,  50^ 
principal  and  noiial,  conditions  for 
the  cumcidence  and  non-coincidence 
of  the,  52,  53i  cardinal,  of  the  eye, 
general  indication  of  the,  62;  prin- 
cipal, in  the  eye,  calculation  of  the 
position  of  the,  63i  nodal,  calcula- 
tion of  the  position  of  the,  65j  car- 
dinal, review  of  the  position  of  the, 
in  the  eje,  61 ;  use  to  be  made  of  the 
knowledge  of  the,  68j  retinal,  law 
(  f  identical  or  corresponding,  164. 

Polyopia  uniocularis,  dependent  on  the 
lens,  451.  545. 

Porta,  J.  Ba^'tistn,  inventor  of  the 
camera  obscura,  444. 

Porterfield,  on  a  connexion  between 
convergence  and  accommodation, 
referred  to^  1 10;  acquainted  with  the 
larger  pupil  of  myopes,  388. 

Position,  stooping,  evils  of,  in  Myopia, 
4iq 

Presbyopin,  definition  of.  83.  204;  ety- 
mology of  the  term,  210,  necessity 
for  the  term,  211 ;  treatment  of.  215; 
causes  of  early,  223^ 

Presmyopia,  term  employed  by  J.  A. 
Hess,  32a. 
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Prevotg,  on  the  motion  of  moscjc  yoU- 

t antes,  re/trred  to,  202^ 
Prismatic  fjUss  and  Bpectaclea,  132. 
Protubfrantia  sderalit,  in  ihe  foetal  cje» 

Ton  Atumon  on  the,  385. 
Pupil,  action  of  the  oculo-motor  nerve 

npon  the  sphincter  of  the.  ri77. 
Purkinje's  experiment  rt^spcctinf;  the 

perceptive  layer  of  the  retina,  5^  on 

the  rtflecied  images  of  the  lens 

LL 

Radias  of  the  cornea,  measaremcnta  of 

the,  aa. 

Range  of  accommodation  in  the  eje, 
28.  72.  HO;  ab^olnte,  binocular,  and 
relative,  U2 ;  modification  of  the, 

145- 

Rankine,  Mr.,  terms  borrowed  from, 

Kccklinghnufien,  on  the  function  of  the 
retina  and  binocular  yisioo,  re/erred 
to,  161,  note, 

"Refracting  surfaces  in  the  eye,  3fl. 

Refraction,  coefficient  of,  an  fixed  by 
Listing,  39^  by  a  spherical  surface, 
40;  through  a  biconvex  lens,  44 ; 
thn)ugh  a  compound  system,  con- 
sisting of  a  spherical  surface  and  a 
biconvex  lens,  62^  defects  of;  80; 
normal,  definition  of.  8l_;  causes  of 
the  defects  of,  M;  anomalies  of.  III; 
cause  of  the  diminution  of,  206 :  by 
asvmmrtrical  surfaces,  457 ;  differ- 
ence of.  in  the  two  eyes,  557. 

Region  of  accommodation,  modifica- 
tion of  the,  l.'jfl. 

Reid,on  the  influence  of  the  sympathetic 
nerve  upon  the  pupil,  578. 

Retina.  funcMon  of  the,  I;  structure  of 
the,  2|  appearance  of  the,  in  myopia, 
377;  detachment  of  the,  in  myopia, 
308. 

Retinal  points,  law  of  identical,  or  cor- 

re>pondin(r,  IG4. 
Reynolds  (Sir  Joshua),  spectacles  used 

by.  22SL 

Ritierich,  on  strabismus,  re/erred  to^ 
328;  on  pear-shaped  eye  in  myopia, 
111. 

Rueie,  on  spectacles,  referred  to,  170; 
OQ  the  movements  of  the  eye.  re/erred 
to,  180.  note  ;  on  the  cause  of  asthen- 
opia, lill ;  on  the  treatment  of  hyper- 
metropia,  275;  on  "ovcrsightedne*'*,** 
329;  on  increase  of  size  of  the  pupil 
by  atropia  in  cases  of  paralysis  of 
the  oculo-motor  nerve,  5S9. 

Ruiter  (Dr.  dc),  on  the  mode  of  action 
of  mydriatics,  588. 


Saemisch,  on  the  presence  of  giag'-i- 
onir  celU  in  the  chorioidea,  refcrrtd 

to,  57ft. 

Sanson,  on  the  dia^osts  of  catarmet, 

referred  to^  LL 
Scarpa,  on  asthenopia,  270;  on  elUproi- 

d>il  form  of  the  eye   in  mjopia, 

re/erred  to,  371.  447. 
Scheiuer,  experiment  of.  33;   oo  the 

vision  of  myopes,  446. 
Schnyder  (Pastor),  uu  astigmatinn  in 

his  own  eye,  541. 
Schurman  (Mr.),  on  the  mobility  ol  the 

eyes  in  myopia,  409,  note. 
Scotomata,  occurrence  of,  in  myopia," 

396. 

Senff,  on  the  refractive  power  of  the 

lens,  referred  to,  39^  2£^ 

Sichel,  on  a»ihenopia;  ;  on  amhlf 
opu  pretbytique  eongenitaU,  22^. 

Smee,  visuomeier  of^  116;  j)anto«copic 
spectacles  of.  221 ;  on  the  hypexiue- 
tropic  condition. 

Smith  (Roben),  i  n  accommodation  of 
myopes,  referred  to,  391,  446. 

Snellen  (Dr.)  system  of  test-types  by, 
32,  97,  189;  on  diminution  of  direct 
vision  in  the  region  of  the  yellow 
spot  in  amblyopia.  397. 

Sotteau,  on  the  motion  of  mu*ca*  voU- 
tantes,  referred  to,  2Q2± 

Spasm  of  accommodation,  610. 

Spectacles,  121  ;  stenopa'ic,  L23  ; 
prismatic,  132;  pcriscopic,  136; 
choice  of  materials  for,  139 ;  infla- 
cnce  of,  on  vision,  143;  green  and 
blue,  170;  in  strabismus,  170.  Wijn- 
gaardcn  on.  referred  to,  170;  prema - 
ture  use  of,  219  ;  form  of,  in  presby- 
opia, 221  ;  dissecting,  by  Brnecke, 
229;  selection  of,  in  myopia,  420. 

Spectrum,  the  muco-lachrymal,  ; 
of  the  vitreous  humour,  the,  197;  of 
the  crvstalline  lens.  200. 

Speech,  peculiar  lesion  of,  in  paresis 
of  accommodation  after  diphtheria 
.  faucium,  601. 

Spherical  aberration,  450. 

Staphyloma  po$>ticum,  nearly  synony- 
mous with  myopia,  354;  development 
of,  378;  connexion  of,  with  inflam- 
mation, 383;  predisposing  cause  of, 
385;  development  of  glaucoma  with 
high  degrees  of,  402. 

Steinheil,  gla£8  conns  of,  A2A^ 

Stellwag  (von  Carion),  the  claims  of. 
considered,  IM;  on  the  cause  of 
asthenopia,  273;  on  hyperpresbyopia, 
22^  \  on  over8i^htedne5s,  on 
myopia  as  a  result  of  partial  accom- 
modation for  near  objecis,  369  ;  on 
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double  refraction  and  polarisation  of 
lik:ht  in  the  human  eye,  rejared  to^ 
5r>6. 

Stenopiric  spectaclcf,  123;  dcriyaticn 

of  the  tt'rni,  LilL 
Stereoscopic  vision,  modification  of, 

ir.i, 

StokeA  (Professor),  l^is  method  of  de- 
termining the  dit;rce  of  astigmatism, 
485  ;  astij^matic  lens  of,  485.  5iiL 

Strabismus,  u«c  of  prismatic  spectacles 
in.  1 70;  apparent,  244;  incongruut^ 
of  MHclltT,  2^  note;  converfjens,  the 
resnlc  of  hvpermeiropia.  29U  306; 
use  of  convex  glasses  in,  305  ;  di- 
vergcfns,  a  result  of  myopia,  402 ; 
absolute  direrging,  AQ^  ,  views  of 
Buffon  respectiog,  413. 
Sturm,  focal  interval  of,  453^ 
Surfaces,  refracting,  in  the  eye,  33  ; 

principal,  signification  of  the,  52^ 
Snrface,  spherical,  refraction  by  a,  4Q  ; 
and  biconvex  lens,    refraction  by 
a  compound  system  consisting  of  a. 

Sympathetic  nerve,  influence  of  the, 
upon  the  pupil,  578. 

Syphilis,  a  cause  of  paralysis  of  accom- 
modation, 

Szokalski,  on  the  effect  of  social  posi- 
tion upon  myopia,  re/erred  io^  ZA2^ 

Taylor,  on  asthenopia,  2^9. 

Telescopes,  effects  of.  on  the  accommo- 
dation of  the  eye,  143. 

Tenolt-my  of  the  mu&culus  rectus  ex- 
temus.  von  Graefe  on,  423. 

Test-types,  system  of,  by  Dr.  Snellen, 

T^i^eminus,  influence  of  the,  upon  the 
iris,  h&SL 

Tyn<iall  (Mr.  John),  on  beat  con- 
sidered as  a  mode  of  motion,  referred 
to,  265,  note. 

Tyrrell,  on  the  cause  of  a«thenopia, 
270  ;  on  the  treatment  of  byperme- 
tropia,  ?75. 

Valentin,  on  the  position  of  the  centre 
of  motion,  18Q. 


Verves  a  double  fof/er^  l.^ft. 
Virtual  focus,  135. 

Vision,  conditions  of  accurate,  1;  in- 
fluence of  glasses  on,  143  ;  stereo- 
scopic, modification  of,  161 ;  modifi- 
cation of  acuteneFS  of,  by  age,  188; 
of  myopes,  3&2  ;  disturbance  of,  in 
astigmatism,  469.  h  1 .1. 

Visuonuter,  Smee's,  116. 

Vitreous  humour,  spectrum  of  the, 
197;  changes  in  the,  in  myopia,  4ni. 

Volkmann,  on  bioocular  vision,  referred 
to,  161.  note ;  on  the  position  of  the 
centre  of  motion,  ISO. 

Ware,  James,  entitled  to  be  called 
the  discoverer  of  hypermetropia, 
326;  on  the  effect  of  social  position 
upon  myopia,  342. 

Wedl,  on  the  formstion  of  elevations 
on  the  choroid,  L92. 

Wells,  Dr.,  an  early  writer  on  hyper- 
metropia, 32i};  on  the  influence  of  my- 
driatics upon  accommodation,  591 ; 
on  parMlyMs  of  accommodation,  .597. 

Wells,  Soeiberff,  on  the  anomalies  of 
refraction,  referred  to,  33 1 . 

Wheatstone,  on  stereoscopic  vision, 
Ifil  ;  his  rejection  of  the  theory  of 
identical  retinal  points,  104. 

Whewell,  Kev.  Dr.,  author  of  the  term 
"astigmajism,"  451. 

Wilde,  Sir  W.  R  ,  on  the  cause  of  aitig- 
mitism,  542. 

Wundt,  on  binocular  vision,  referred  to, 
161,  note ;  on  the  movements  of  the 
eye,  referred  to,  180,  note. 

Yellow  8])ot,  changes  of  the,  in  myopia, 

Young,  Thomas,  on  accommodation  in 
the  eye,  10,  on  the  structure  of  the 
lens,  39,  20f>.  :V24:  on  the  absence  of 
arcommodntion  in  aphakia,  319;  the 
discoverer  of  astigaiati.«m,  454.  456, 
539;  his  method  of  determining 
the  degree  of  a^tigmatii^m,  483;  on 
the  correction  of  anti^matism  by  an 
oblique  position  of  suitable  glasses, 
456.  510 ;  on  thecircVsof  diflfusion 
of  a  point  of  light,  .549. 
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